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ABSTRACT 
Two series of metallodendrimers with a ruthenium atom binding to two 
dendritic subunits together were synthesized. The dendritic subunits are polyether-
based dendrimers with a 2，2，:6’，2，’-terpyridine core serving as the terdentate 
coordinating site. In one of the series, the surface group used was a perfluorophenoxy 
group while the other was a r-butylphenoxy group. These molecules were prepared by 
a convergent scheme in which the growth was propagated from the surface to the core. 
These ligands were coordinated to a ruthenium(II) ion to form bis-complexes of various 
generations. Both the dendritic ligands and metallodendrimers of the fluorinated and 





spectroscopy, mass spectrometry as well as elemental analysis. Cyclic voltammetric 
studies of these metallodendrimers was studied and the redox behavior were described. 















Ac acetyl m multiplet 
Anal. analytical M . moles per liter 
APCI atmospheric pressure Me methyl 
chemical ionization MHz megahertz 
Bn benzyl min minute(s) 
bipy 2，2，-bipyridine mM millimoles per liter 
br broad mmol millimole(s) 
t-Bu 卜 butyl mol mole(s) 
。C degree Celsius m. p. melting point 
Calcd calculated MS mass spectroscopy 
CV cyclic voltammetry mV millivolt 
d doublet MW molecular weight 
dd doublet of doublet m/z mass to charge ratio 
DMSO dimethylsulfoxide NMR nuclear magnetic resonance 
dt doublet of triplet Ph phenyl 
equiv. equivalent ppm part per million 
ESI electron spray ionization R厂 retardation factor 
EtOAc ethyl acetate s singlet 
EtOH ethanol t triplet 
FAB fast atom bombardment terpy 2,2，:6，，2，，-terpyridine 
g gram(s) THF tetrahydrofuran 
h hour(s) TLC thin layer chromatography 
Hz hertz TMS tetramethylsilane 
hex hex V volt 
J coupling constant 
L-SIMS liquid secondary ion mass 
spectroscopy 
v 
CHAPTER I. INTRODUCTION 
1. General background of dendrimers 
Dendrimers (Greek : dendron = tree, meros = part) are highly branched three-
dimensional monodisperse macromolecules with a branching occurring at each 
monomer unit.
1
 They are characterized by the presence of a large number of functional 
groups on the surface which results in solubility, viscosity, and thermal behaviors 
different from those of the classical linear polymers. They are also characterized by the 
presence of internal cavities which can be used to trap smaller guest molecules. 
There are two fundamentally different approaches to the construction of 
dendrimers, namely, the divergent and the convergent strategy. The divergent strategy, 
which was originally developed by Newkome
2
 and Tomalia，3 involved the building up 
of dendrimers from the central core towards the periphery sector and was the major 
approach of dendiimer synthesis in the late seventies and early eighties.
3-6
 The 
advantage of divergent method lies on its efficiency in the construction of dendrimers of 
higher generation in fewer steps. 
Figure 1 shows the divergent synthesis of a typical dendrimer molecule. The 
initial central core [GO] contains multiple copies of a reactive functionality (fr) which 
can react with an excess of a bifunctional monomer [fc^(fp)2]
7
 to give the first 
generation dendrimer [Gl]. The end-groups of the [Gl] dendrimer, [fp], are then 
activated to the reactive functionalities [fr] again. Further coupling of additional 
monomer [fc®(fp)2] to [Gl] then affords the [G2] dendrimer. The higher generation 
dendrimers may be synthesized in a similar fashion. Because the number of the 
terminal groups increases sharply with each generation, incomplete reaction of all of the 
terminal groups is inevitable. The occurrence of structural defects, especially for the 
high generation dendrimers, is one of the main problems in this synthetic strategy. 
1 
Moreover, the large excess of reagents which are required to force the reaction to 
completion may lead to difficulties in product purification. Since it is impossible to 
achieve selective conversion of one or several of the reactive surface moieties [f r], the 
divergent procedure does not allow for the selective functionalization of only part of the 
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Figure 1. Divergent synthetic strategy of dendrimers 





 The dendrimer skeleton is constructed stepwise starting from 
the end groups towards the interior and is finally coupled to a core molecule to yield the 
dendrimer. In the convergent synthetic strategy, each successive generation is 
synthesized in stepwise fashion to produce a new dendritic fragment in which a single 
reactive group [fr] located at the focal point of all branches is used for further growth 
(Figure 2). The surface functionality [A], is first connected to a branching bifunctional 
monomer [fc®(fp)2] to form a dendritic wedge [(A) 2 .f p] containing two surface 
moieties. Upon activation (fp— f r), the reactive dendritic fragment [(A)2*fr] is then 




p]- These dendritic wedges can be anchored to a central core such 
as [(fc)4]
13
 to give dendrimers of various generations. 
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Figure 2. Convergent synthetic strategy of dendrimer 
Dendrimers prepared by the convergent strategy are generally considered to 
possess higher homogeneity than those prepared by the divergent approach, because 
structural defects begin to accumulate only at higher generations when the coupling 
reaction has to occur on a congested dendrimer surface.
14
 Therefore, the convergent 
strategy is often limited to dendrimers of lower generation number because reaction 
yields drop precipitously towards the higher generation. Classical examples of the 








In the last decade much attention in dendrimer chemistry had been paid to the 
construction of dendrimers of organic, inorganic and organometallic nature. More 
recently some research groups have started to synthesize functional dendrimers with 
specific physical and chemical properties.
18
 They are particularly interested in new 
molecular properties that arise from the multiplicative effect of easily accessible 
peripheral functionalities or from steric shielding of the reactive centre by the dendritic 
shell. In particular, there is growing interest in the synthesis of dendrimers containing 
transition metals. The metal centers can be incorporated at the core, throughout the 
structure or at the periphery of a dendrimer. Such compounds are new materials and 
have been shown to possess interesting magnetic, electronic, electrochemical, 
photooptical and catalytic properties.
19
 Generally these metallodendrimers were 
assembled by complexation of metal ions with polydentate organic ligands. Amongst 
the numerous organic ligands, 2，2，:6，，2，，- terpyridine (terpy) is one of the most popular 
candidates. This thesis is concerned with the synthesis and the electrochemical 
properties of a series of fluorine-containing terpyridine-based metallodendrimers. 
Special attention will be focused on the influence of the electronic properties of the 
peripheral organofluorine functional groups on the redox properties of the core metal 
ion. In the following section, we will begin to review the chemistry of pyridine-based 
metallodendrimers as well as that of fluorine-containing dendrimers. 
One of the early examples of pyridine-based dendrimers was those prepared by 
Balanzi.
 2 0
 For example, polynuclear metal complex 1 having ruthenium(n) as the 
metal ion, 2,3-bis(2-pyridyl)pyrazine as the bridging ligand and 2，2，-bipyridine as the 
terminal ligand. The interior ruthenium(n) ions, having a coordination number of six, 
bind to thrce bridging ligands whereas the ruthenium(II) ions at the periphery bind to 
4 
one bridging ligand and two terminal ligands. This type of supramolecular species, 
possessing up to 22 redox and photoactive metal centers, exhibited intense absorption 
bands in the visible light region. They also had defined oxidation patterns and 
possessed luminescence properties. 
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The research group of Constable has also engaged in the preparation of 
terpyridine-based dendrimers. For example, an octadecaruthenium snow-flake liked 




 (botpy = bis{4，-
(2，2，:6，，2”-terpyridinyl)}ether) as the connecting ligand and hexakis-(methylene)-
benzene as the core was synthesized. This particular supramolecular species, 




2 + process at + 0.87 V in its cyclic voltammogram (CV). This indicated that 
the metal centers behaved as independent domains with no significant ground state 
electronic interactions. 
Metallodendrimers containing bis(terpy) metal periphery units (terpy = 
2,2':6
,
,2"-terpyridine) and a tris(bipy) metal core (bipy = 2,2'-bipyridine) have also 
been described by Constable.
22
 The bis(terpy) ruthenium(n) containing bipy ligand, 
readily complexed with iron(II) to give a brown tris(bipy) iron(II) metallodendrimer 3. 
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In the cyclic voltammetry study of 3，the Ru 3 + /Ru 2 + redox couple could be detected as 
a fully reversible process at +0.81 V，while the Fe 3 + /Fe 2 + process was not observable. 
Newkome and coworkers also reported their synthetic venture into a series of 
ruthenium(II)-based terpyridine containing metallodendrimers. These dendrimers were 
used as models to probe the influence of the dendritic surface sector on the redox 
properties of the metal core. For example, ruthenium(n) containing heteroleptic 
dendrimers 4 and 5 exhibited different voltammetric behavior.
23
 For compound 4， 
both the terpyridine-based cathodic and Ru-based anodic redox couples remained 
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electrochemically and chemically reversible. However, completely irreversible 
behavior was clearly seen in the cyclic voltammogram of compound 5. This could be 
attributed to the increased steric hindrance due to the dendritic shell in 5，which retarded 
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Newkome also reported the synthesis of polynuclear metallodendrimers 6 and 7 
possessing internal metal binding loci.
2 4
 Cyclic voltammetry of the two complexes 
was studied and the anodic waves of the compound 6 and 7 were not observed. It was 
revealed that structural change in the dendritic framework had an impact on the 
electrochemistry of the Ru center when compared with the reversible response of free 
[Ru(bpy)2Cl2] complexes. It could be seen that the electroactive units were positioned 
inside the branched structure and there was a marked decrease in the kinetics of electron 
transfer that usually translated into electrochemical irreversible behavior. However, the 
irreversible voltammetric response of the ruthenium center in metallodendrimers 6 and 
7 was due to dendrimerization or whether there was an electrochemically induced 
chemical reaction that could break apart the organometallic complex was remained 
unanswered. 
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To understand the counterion effect on the redox behavior of these Ru-
dendrimers, Newkome prepared electrically neutral metallodendrimers possessing four 
bis(terpy) Ru(II) linking sites with internal counter.
25
 The eight internal carboxylate 
ions was used to balance the charges of the four Ru(II) metal centers. Electrochemical 
studies on these complexes indicated that the loss of external counterions in these 
metallodendrimer had a marginal effect on their redox properties. Two reversible 
waves that characterized the cathodic CV response of the two terpyridine ligands were 
observed in 8. After deprotection of the r-butyl groups, the presence of the carboxylic 
acid moieties in 9 resulted in a merging of the two cathodic waves and the virtual 
disappearance of the metal-based anodic CV signal. On the other hand, the 
electrochemically neutral dendrimer 10，lacking the neighboring acidic protons which 
was available in 9, both the two cathodic and the single anodic CV waves were 
9 
recovered. The observed irreversibility was due to an electrochemical-chemical reaction 
in which a proton from the vicinal carboxylic acid group quenched the aromatic anion 
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Similar to Newkome，s investigation, our group had also prepared terpyridine-
based dendrimers containing iron metal locus. One of the examples was iron® 
complex 11. In cyclic voltammetry studies, it was found that introduction of the 
dendritic branches of earlier generations to the terpy moiety did not affect the potentials 
of the redox processes of the iron(n) complexes. However, on going to the metal 
complexes of higher generations, the electron transfer process became irreversible. 
Again this observation was rationalized by the fact that the increasing size of the 
10 
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In summary, for the lower generations of terpyridine-based metallodendrimers, 
they all exhibited metal-centered oxidation and ligand-centered reduction processes. In 
most circumstance, the redox potentials were comparable to those of simple terpyridine 
complexes reported by Morris.
26 
11 
3 . Fluorinated Dendrimers 
Considerable attention is currently being focused on fluorine-containing 
compounds, because they often bring about unique biological and physiological 
activities.
27
 On account of their scarce occurrence in nature, these compounds were 
usually prepared in the laboratories by expendient chemical processes.
28
 Generally, the 
unique behavior of fluorinated systems is attributed to the high electronegativity of the 
fluorine atom combined with its relatively close size to hydrogen. Fluorocarbons 
generally exhibit increased thermal stability, hydrophobicity and lipophobicity, and 
chemical resistance and decreased intermolecular attractive forces, in comparison to 
their hydrocarbon analogues.
29
 In particular, fluorinated polymers
30
 have low 
cohesive and adhesive forces, lower surface energy, high chemical resistance, and high 
thermal resistance, and most have low solubility in organic solvents. In contrast to the 
abundance of terpy-based metallodendrimers, fluorinated dendrimers are scarcely 
known. In 1998, a highly branched polymer 13 containing perfluoroaromatic rings 
throughout the structure was synthesized by Wooley
31
 from an A2B monomer, 3,5-
bis[(pentafluorobenzyl)oxy]benzyl alcohol 12 (Scheme 1). The resulting polymer was 
highly soluble in common organic solvents and highly hydrophobic. 
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Scheme 1. Synthesis of a pentafluorophenyl-terminated hyperbranched benzyl ether polymer 13 
A series of carbosilane dendrimers with perfluorohexyl end groups (-C 6F 1 3) 
(e.g. compound 14) was synthesized recently by Lorenz.32 The molecule had a highly 
flexible carbosilane core with silicon as the branching points. Due to the highly 
branched structure, crystallization of the dendrimer core was impeded, and the resulting 
materials showed interesting generation-dependent thermal characteristics. The 
insolubility of the higher generations perfluoroalkylated dendrimers in organic solvents 
13 
was indicative of their lipophilic interior being strongly shielded by the perfluoro 
s e g m e n t s . 
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In this thesis, we would like to study the effect of remote perfluoro-containing 
functionalities on the redox behavior of the metal ion of a series of heteroleptic 
ruthenium containing dendrimers. In the next chapter, we will describe the synthesis 
and characteristics of these dendrimers. For comparison purpose, the corresponding 
non-fluorinated hydrocarbon dendritic analogues were also synthesized. 
14 
CHAPTER II. SYNTHESIS AND CHARACTERIZATION 
1. Structure of the dendritic fragments 
Our dendritic terpyridine ligands consisted of four basic components: core 
group, linking unit, branching juncture and surface group (Figure 3). The core was a 
substituted 2,2' :6' ,2"-terpyridine for complexation with the metal ions whereas the 
linking unit has a three carbon alkyl chain which was flexible and long enough for 
construction of dendrons of higher generations. The branching unit was a 
phloroglucinol unit which gave a branching multiplicity of three. The surface fluorine 
containing group selected was a pentafluorophenol moiety. aj k I • 
J Linking Unit 
r ^ I r r n 
J tAAAAAAT I I j 
Branching juncture I Surface group I 
Figure 3. Diagram showing the four basic components of the dendritic fragments 
15 
2. Synthesis of the terpy-based metallodendrimers 
The synthesis of the fluorinated terpy-based metallodendrimers involved the 
• following four operations: (1) construction of the terpy core; (2) construction of the 
fluorinated dendritic sectors of different generations; (3) coupling of the various 
dendritic sectors to the core; and (4) complexation of the dendritic ligands with a Ru(n) 
ion. 
The core of our dendritic ligands was 4，-(4-hydroxy)phenyl-2，2,:6，，2，，-
terpyridine 15，which was later used to couple to the various fluorinated dendritic 
sectors (G fn-0(CH2)3Br).33 The precursor 4，-(4-methoxy)phenyl-2，2，:6，，2”-
terpyridine 16 was first synthesized from 4-methoxybenzaldehyde 17 in one pot 
according to the procedure described by Calzaferri (Scheme 2) .
3 4
 Hence, methylation 
of 4-hydroxybenzaldehyde with methyl iodide (K 2 C0 3 , acetone) afforded 4-
methoxybenzaldehyde 17 in 95% yield. Condensation of 2 equiv. of 2-acetylpyridine 
with one equiv. of the aldehyde 17 in the presence of excess ammonium acetate and 
acetamide gave two terpyridine isomers 16 and 18. The two positional isomers could 
not be separated by recrystallization or column chromatography. However, the 
2，2，:6，，2，，-terpyridine 16 behaved as a terdentate ligand whereas 2，2，:4，，2，，-teq)yridine 
18 behaved as a bidentate one in coordination with metal ions. Thus, they could be 
readily separated by complexation with metal ions followed by decomplexation.
35 
Treatment of the mixture of 16 and 18 with FeCl2-4H20 in acetonitrile gave the purple 
iron(n) complex of isomer 16 only. Precipitation of the complex with NH 4PF 6 
allowed collection and purification of the purple crystalline solid [Fe(16)2][PF6]2. 
After removal of bidentate ligand 18, the iron(II) complex was treated with H 2 0 2 in 
alkaline solutions to regenerate the pure 2，2，:6，’2，，-terpyridine 16 in an overall 53% 
16 
OH OMe 
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Scheme 2. Reagents: i, Mel, K2CO3, acetone; ii, 2-acetypyridine, NH4OAc, AcNH2； iii， 
FeCl 2 '4H 20, MeOH; iv, H 2 0 2 , KOH (a‘q.)，MeCN 
yield as a light yellow crystalline solid (m.p. 155-156°C, lit.
3 4
 158-159°C). 
Subsequent conversion of the methoxy group to a hydroxy group was effected by 
treatment of 16 with hydrogen bromide in acetic acid to give the terpyridine ligand 15 
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16 15 
Scheme 3. Reagents: i, HBr, acetic acid, 130。C; ii, 20% NaOH 
17 
A branching monomer unit 5-(3，-hydroxypropoxy)-l，3-resorcinol 19 was 
synthesized according to literature procedure (Scheme 4) .
3 6
 This unit 19 will be used 
in the iterative construction of our target dendrimers. Commercially available 
phloroglucinol 20 was completely O-benzylated to give 1,3,5-tribenzyloxybenzene 2 1 
in 59% yield as a solid. One of the benzyl groups in compound 21 was then 
selectively cleaved by sodium ethane thiolate to give 3,5-dibenzyloxyphenol 22 . 
Cleavage of the second and the third benzyl groups by the thiolate was retarded by the 
strong electron density associated with the anion of 22 resulting from the mono-
debenzylation of 21. In this manner，the phenol 22 could be obtained very cleanly as a 
solid in 73% yield. The phenolic group was then alkylated with 3-bromopropanol in 
the presence of potassium carbonate in acetone to give the alcohol 23 in 89% yield. 
Finally, hydrogenolysis of the two benzyl groups of compound 23 in the presence of 
hydrogen and 10% palladium on charcoal led to the desired branching agent 19. 
Compound 19 was then recrystallized once from EtOAc/hexane to remove other 
contaminants. The overall yield was 29% on a 20-g scale. 
H a
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20 21 22 
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19 23 
Scheme 4. Reagents: i, BnBr, K 2 C 0 3 , DMF; ii, EtSH, NaH, DMF; iii, Br(CH2)3OH， 
K2CO3, acetone; iv, H 2 , Pd/C, EtOAc/EtOH 
18 
The surface sectors were prepared as described below (Scheme 5). Treatment 
of pentafluorophenol with 1.2 equiv. of 3-bromopropanol (K2CO3, acetone, reflux 
24h) gave the mono-O-alkylated product 3-(pentafluorophenoxy)-l-propanol [GfO]-
0 (CH 2 ) 3 0H 24 as a colorless oil (94%). Then the hydroxy group was converted into 
the corresponding bromide [Gf()]-0(CH2)3Br 25 (93%) by reaction with triphenyl-
phosphine and carbon tetrabromide in dry THF. 
• ii 
A l O H ^ A r O ^ ^ ^ O H ^ A r O ^ ^ ^ Br 
24 25 
Ar = pentafluorophenyl 
Scheme 5. Reagents: i, Br(CH》3OH，K2C03, acetone; ii, CBr 4 , PPh 3 , THF 
For the synthesis of the higher generation fluorinated dendritic sectors, an 
iterative synthetic cycle consisted of two synthetic operations was used (Scheme 6) .
3 6 
In this scheme, dendritic bromide [G fn]-0(CH2)3Br was reacted with the resorcinol 19 
to give a dendritic alcohol of the next generation [Gf(n+1)]-0(CH2)30H. The free 
hydroxy group was then converted into the corresponding dendritic bromide [Gf(n+1)]-
0(CH2)3Br by treatment with triphenylphosphine and carbon tetrabromide. 
X J 19 
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Scheme 6. Reagents: i, K2CO3, 18-crown-6, acetone; ii, CBr4, PPI13，THF 
19 
The syntheses of the various fluorinated dendritic fragments began with [GfO]-
0(CH 2) 3Br 25. Reaction of the branching agent 19 with 2.2 equiv. of the surface 
sector [Gf()]-0(CH2)3Br 25 in the presence of powdered potassium carbonate and a 
catalytic amount of 18-crown-6 afforded the first generation alcohol [G fl]-0(CH 2)30H 
26 in 90% yield (Scheme 7). The hydroxy group in [G f l ]-0(CH 2) 30H was then 
converted into the corresponding bromide [G fl]-0(CH 2) 3Br 29 (95%) by reaction with 
triphenylphosphine and carbon tetrabromide. By repeating the same reaction sequence, 
the dendritic alcohols [Gfn]-0(CH2)30H (n = 2 and 3) 27 and 28 could be prepared in 
89% and 63% yields respectively, by reacting the branching agent 19 with 2.2 equiv. 
of the dendritic bromides [G fn]-0(CH2)3Br (n = 1 and 2) 29 and 30 (Scheme 8). The 
dendritic bromides 30 and 31，in turn, were obtained in 94% and 64% yield 
respectively, from the corresponding dendritic alcohols 27 and 28. 
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Ar = pentafluorophenyl 
Scheme 7. Reagents: i, 19, K2CO3, 18-crown-6, acetone; ii, PPhg，GB14，THF 
The assembly of the dendritic bromides of different generations onto the core 
15 was achieved by a general coupling procedure (K 2 C0 3 in acetone). First, coupling 
of [G fl]-0(CH 2) 3Br 29 with the terpyridine core 15 proceeded smoothly to give 
20 
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Scheme 8. Reagents: i, 19, K2CO3, 18-crown-6, acetone; ii, PPI13，CBr4, THF 
21 
the ligand Gf l 33 in 80% yield (Scheme 9). Similarly, condensation of [Gf2]-
0(CH2)3Br 30 and [Gf3]-0(CH2)3Br 31 with the core 15 gave Gf2 34 and Gf3 3 5 
in 95% and 40% yields respectively (Scheme 10). In general, the reaction time 
required for the condensation became longer as the dendrimer generation was higher. 
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AT = pentafluorophenyl 33 
Scheme 9. Reagents: i, 29，K2CO3, 18-crown-6, acetone 
In order to have a better understanding of the influence of the dendritic structure 
on the metal complex, a non-dendritic terpy ligand GfO 32 was also synthesized 
(Scheme 11). This compound was prepared in 53% yield by treatment of [GfO]-
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Scheme 10. Reagents: i, 30, K2CO3, 18-crown-6, acetone; ii, 31, K2CO3, 18-crown-6, acetone 
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Scheme 11. Reagents: i, K2CO3, 18-crown-6, acetone 
The final step of our synthetic sequence involves the complexation of the 
dendritic ligands with Ru(II) ion. First, the terpyridine ligand GfO 32 was complexed 
with RUC13 to give the 1:1 complex Ru(GFO)Cl3 36 in 94% yield. The paramagnetic 
nature of this mono(terpy) compound was revealed by the broad signals of its iH-NMR 
spectrum. In situ reduction of this complex with A^-morpholine, complexation of 
resulting product with another equivalent of GfO 32, followed by precipitation with 
NH 4 PF 6 afforded 37 in 55% yield as a reddish brown crystalline 
solid (Scheme 12). Using the same procedure, the homoleptic complexes 
[Ru(G fl)2][PF6]2 42 and [Ru(G f2)2][PF6]2 45 could be obtained as reddish brown 
solids in 30% and 40% overall yields respectively from the corresponding ligands G f 1 
33 and G f2 34 (Scheme 13). For the preparation of the G f3 complex 
[Ru(Gf3)2l[P
F
6]2 47，several trials were carried out but the reactions were not 
successful. No product could be isolated from the reaction. 
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 Ar = pentafluorophenyl 
[Ru(GfO)2][PF6]2 37 
Scheme 12. Reagents: i, RUC13, EtOH/CHCl3; ii, GFO, NH 4PF 6 , N-morpholine 
• ii 
G f l Ru(G f l )Cl 3 ^ [Ru(G f l ) 2 ] [PF 6 ] 2 
33 41
 4 2 
G f 2 Ru(G f2)Cl 3 [Ru(Gf2) 2][PF 6] 2 
3 4 44 45 
i iv . 
Gf3 / / " Ru(Gf3)Cl3 / 卜 [ R u ( G f 3 ) 2 ] [ P F 6 ] 2 
35 46 47 
Scheme 13. Reagents: i, RUC13, EtOH/CHCl3； ii, G f l 33，NH4PF6, N-morpholine; iii, G f2 34, 
NH 4PF 6 , //-morpholine; iv, G f3 35，NH4PF6, //-morpholine 
After synthesizing the series of homoleptic dendritic bis(terpy) ruthenium(n) 
complexes, we also prepared a series of heteroleptic bis(terpy) complexes having two 
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different dendritic ligands coordinated to the Ru metal ion. The synthesis of 
heteroleptic complex required a sequential complexation of different dendritic ligands to 
the metal ion. The synthesis was carried out according to the procedure described 
before. Thus, in situ reduction and complexation of Ru(GfO)Cl3 with ligands G f l 3 3 
and G f2 34, followed by precipitation with NH 4 PF 6 gave heteroleptic complexes 
[Ru(G f0)(G fl)][PF6]2 38，[Ru(G f0)(G f2)][PF 6] 2 39 in 70% and 48% yields, 
respectively (Scheme 14). Following a similar synthetic scheme, heteroleptic bis(terpy) 
complexes of [Ru(G fl)(G f2)][PF6]2 43 was obtained in 58% yield from Ru(G f l)Cl 3 
41 and Gfl 34. However, complexation of Ru(GfO)Cl3 with the Gf3-terpy ligand 35 
was unsuccessful to produce complex 40. 
Ru(G 仍 Cl 3 [Ru(GfO)(Gfn)][PF6]2 
ii 
3 6
 38 n = 1 
39 n = 2 
40 n = 3 
Ru(G f l )Cl 3 ——^~- [Ru(G f l)(G f2)][PF 6] 2 
ii 
41 43 
Scheme 14. Reagents: i, Gfn, iV-morpholine, EtOH/CHCl3; ii, NH 4PF 6; iii, G f2, ^-morpholine, 
EtOH/CHCl3 
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The major problem encountered in the metal complexation step was the need to 
purify the resulting Ru-dendrimers. The reaction generally produced a purple color 
side-product in addition to the desired complex. Fortunately, the two compounds had a 
large polarity difference and thus could be separated by column chromatography on 
alumina. A solvent mixture of hexane/chloroform (5:1) with 5% of ethanol and acetone 
(2:1) was used to elute the purple colored compound while the desired bis(terpy) 
complex was retained in the column. After complete elution of the purple fraction, the 
reddish brown bis-complex was eluted with a solvent mixture of chloroform/ethanol 
(10:1) to give the target compound. 
In order to study the influence of the fluorinated surface groups on the CV 
properties of the resulting dendrimers, another series of dendritic bis(terpy) 
ruthenium(II) complexes having non-fluorinated surface group was also synthesized for 
comparison purposes. These dendritic terpyridine ligands 48-51 having (-butyl 
surface groups had been prepared before in our group and used to prepare iron(n) 
containing metallodendrimers.
37
 Using the same complexation procedure described 
earlier, RU(G0)C1 3 5 2 was obtained in 85% yield and the homoleptic complex 
[RU(G0)2][PF^]2 53 could be obtained in 61% yield as a reddish brown crystalline 
solid (Scheme 15). 
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Ar = 4 小 butylphenyl 
[RU(G0)2][PF6]2 53 
Scheme 15. Reagents: i, RUC13, EtOH/CHCl3; ii, 48，NH4PF6, iV-morpholine 
Similarly, [RU(G1)2][PF6]2 58 and [Ru(G2)2][PF6]2 60 were obtained as a reddish 
brown solid in 61% and 68% yields respectively from G1 49 and G2 50 (Scheme 16). 
For the synthesis of heteroleptic complexes, complexation of different ligands with the 
metal ion was carried out as described 
before and [RU(G0) (G1) ] [PF 6 ] 2 5 4 ， 
[RU(G0)(G2)] [PF 6 ] 2 5 5 and RU(G1)(G2) ] [PF 6 ] 2 5 9 were obtained in 54%, 43%, 
48%, respectively, but the higher generation metallodendrimers [Ru(G0)(G3)][PF6]2 
56 and [Ru(G3) 2][PF 6] 2 61 could not be prepared despite repeated attempts (Scheme 
17). 
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G1 ~ - ~ - RU(G1)C13 _ - _ - [RU(G1) 2][PF 6] 2 
49 57 58 




 I/ • [RU(G3) 2][PF 6] 2 
51 61 
Scheme 16. Reagents: i, RUC13, EtOH/CHCl 3; ii, 49, NH 4 PF 6 , AT-morpholine; iii, RUC13, 
NH4PF6’ "-morpholine 
RU(G0)C13 [Ru(G0)(Gn)][PF 6] 2 
52 54 n = 1 
55 n = 2 
56 n = 3 
RU(G1)C13 ^ [RU(G1)(G2)][PF 6] 2 
ii 
57 59 
Scheme 17. Reagents: i, Gn, iV-morpholine, EtOH/CHCl3; ii, NH 4 PF 6 ; iii, G2 50，A^-morpholine, 
EtOH/CHCl3 
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3 . Character izat ion 
3 . 1 Characterization of fluorinated series of dendrimers and 
metal lodendr imers 
iH-NMR and  13C-NMR spectroscopy 
All new dendritic intermediates and ligands were characterized by and
 1 3
C-




C-NMR spectroscopy are 
especially useful analytical techniques to determine the structure of these dendritic 
molecules. Any defects during the construction of these dendrimer could be revealed 
by this technique since any imperfection led to unsymmetrical structures and resulted in 
multiplicity of NMR signals. 
In the iH-NMR spectra, the mono-bromides [G fn]-0(CH2)3Br were readily 
diagnosed by the distinctive triplet signal located at about 8 3.6 which could be ascribed 
to the focal point methylene protons adjacent to the bromine atom (CH2Br). The 
chemical shift of this signal remained relatively constant throughout the various 
generations while its intensity relative to the proton signals of the methylene protons 
adjacent to the pentafluorophenyl groups (triplet at 8 4.27) decreased with increasing 
generations. Table 1 showed the chemical shifts and the relative intensities of these 
signals. Similarly, the carbon atom adjacent to the bromine atom (CH2Br) also 
produced a signal at 8 32 in the
 13
C-NMR spectra with its intensity diminishing with 
increasing generations. 
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Table 1. Selected chemical shifts and the relative intensities of proton signals of [Gfn]-0(CH2)3Br 
Compounds Chemical shift (ppm) Relative Intensity ratio 
CH 2Br CH 2OC 6F 5 Theoretical Found 
- [ G f Q ] - 0 ( C H 2 ) 3 B r 25 3.63 4.30 2j_2 2 : 2 . 0 
[G f l ] -0(CH 2 ) 3 Br 29 3.59 4 3 5 2:4 2 : 4 . 1 
[G f2]-0(CH 2) 3Br 30 3.57 4 3 4 2^8 2 : 8.3 
[G f3]-0(CH ?)^Br 31 3.55 4.33 2 : 1 6 2: 16.1 
The dendritic alcohols [G fn]-0(CH2)30H could be identified by their distinctive 
triplet at 8 3.8 in the !H-NMR spectra and the signal at 8 60 in the
 1 3
C NMR spectra. 
These signals could be assigned to the focal point methylene protons adjacent to the 
hydroxy group and the carbon atom attached to the hydroxy group (CH2OH) 
respectively. Again the chemical shift of this signal remained relatively constant 
throughout different generation whereas its intensity relative to the proton signals of the 
methylene protons adjacent to the surface pentafluorophenyl group (triplet at 8 4.27) 
gradually diminished. These signals provided the evidence for the existence of the 
propanol moiety. Table 2 tabulated the chemical shifts and the relative intensities of 
these proton signals. 
Table 2. Selected chemical shifts and the relative intensities of proton signals of [G fn]-0(CH2>30H 
Compounds Chemical shift (ppm) Relative Intensity ratio 
CH2Br CH 2OC 6F 5 Theoretical Found j 
[GfQ]-Q(CH2)^OH 24 3.83 430 2^2 2 : 2 . 1 
[G f l ] -0 (CH 2 ) 3 0H 26 3.85 4.35 2^4 2 : 4 . 1 
[G f2]-0(CH 2) 30H 27 3.84 4 3 4 2 : 8 2 : 7 . 7 
[G f3]-0(CH 2) 30H 28 3.83 4.33 2 : 16 2: 15.9 
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The iH-NMR spectra of the various terpy ligand exhibited the aromatic proton 
signals of the core terpy ring. The chemical shift values of the protons on terpy ring of 
the terpy ligand of the various generation were very similar (Table 3). 
Table 3. Chemical shifts of protons on the terpy ring of the terpy ligands Gfn 
Compounds H^ H^ H
4
andH^ H3 and H^ 讲， 
GfO 32 7.35-7.39 7.03 7.87-7.93 8.67-8.75 8.74 
G f l 33 7.35-7.38 7.03 7.84-7.88 8.65-8.73 8.71 
G f2 34 7.34-7.36 7.03 7.85-7.88 8.65-8.72 8.71 




Up on complexation of the terpy ligand with ruthenium metal, the chemical shift 
values of the protons on terpy ring of the metallodendrimers were significantly different 
from those of the free ligand (Table 4). The chemical shift values of the same terpy 
proton were similar throughout the various generations. For the heteroleptic 
complexes, the chemical shifts of the corresponding protons of the two different terpy 
were also the same. 
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Table 4. Chemical shift of protons on the terpy ring of the various fluorinated metallodendrimers 
Compounds H5 and He H^ H
4
 Hb H^ tf， 
[Ru(GfQ)2][PF6]237 7.32-7.36 7.82 8.10 8.34 9.05 9.41 
[Ru(G f l ) 2 ] [PF 6 ] 2 42 7.31-7.37 7.81 8.08 8.33 9.04 9.39 
[Ru(G f2)2][PF6]2 45 7.31-7.35 7.80 8.08 8.33 9.05 9.41 
[Ru(G tO)(G fl)][PF 6] 238 7.31-7.35 7.81 8.08 8.33 9.06 9.41 
[Ru(GfO)(Gf2)irPF^1o 39 7.32-7.33 7.81 8.08 8.32 9.05 9.39 
[Ru(G f l)(G f2)][PF 6] 243 7.31-7.35 7.80 8.07 8.32 9.03 9.39 
The presence of the pentafluorophenoxy surface group could not be diagnosed 
by 1H-NMR due to the absence of proton signals. However it could be recognized by 
their distinctive aromatic signals at 8 133-143 in the
 1 3
C-NMR spectrum. These 
signals corresponded to the aromatic carbon atoms of the pentafluorophenoxy group. 
Figure 4 showed the
 1 3
C-NMR spectrum of [G t0]-O(CH2)3OH 24. Due to the large 
19p.l3c coupling, the
 1 3
C signals appeared as multiplets with the measured coupling 
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Figure 4. The aromatic region of the
 1 3
C-NMR spectrum of [GfOl-CXCHWsOH 24 
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Table 5. The chemical shift of the aromatic carbons on [Gf0]-0(CH2)3〇H 24 
Carbon Chemical shift (5) Coupling constants (Hz) of 
19F-13C coupling 
* CI 133^5 12.2 (t) 
.. C2 i r r o 252.0，15.2 (ddd) 
C3_ 137^ 250.3，14.6 (dtd) 
C4 14L7 251.4，5.3 (dtt) 
Mass spectrometry 
Mass spectrometry is a useful tool to determine the molecular weight of the 
compounds. Tables 6 and 7 showed the theoretical and experimental molecular weights 
of the dendritic ligands and metallodendrimers of the different generations. In general, 
the dendritic ligands exhibited a singly charged molecular peak [Gfn]
+
 while the 
metallodendrimers tended to form doubly charged molecular ion peak [Ru(G fn)2]
2+ 
with the loss of the two PF 6 ' ions. It could be seen that the experimental molecular 
weights agreed well with the calculated ones. In addition, the isotopic distribution 
patterns also matched well with simulated spectra. 
Table 6. Molecular ion peak of free dendritic ligands Gfn 
Compounds Calc. MW Found MW 
GfQ 32 549 549^ 
G f l 33 939 940^ 
G f2 34 1720 1720
 b 
G f 3 35 3281 3281
 b 
a
M W obtained by EI.
 b
 MW obtained by L-SIMS 
, 35 
Table 7. Molecular ion peak of metallodendrimers of the various generations [Ri^GfiiXGfiOKPFd! 
Compounds Calc.MW m/z of Found MW j 
- [Ru(Gfn)(Gfn，)]2+ 
[ ^ ( 0 ^ ) 2 1 ^ 2 37 1490 600 600.1
 a 
[Ru(G f l) 2][PF 61 242 2270 990 990.2 a 
[Ru(G f2) 2][PF6h45 3831 1770 1770.9 a 
[Ru(GfQ)(G fl)][PF6]238 1880 795 794.4 b 
[RuCGfOXGf)] [PF 6] 2 39 2660 1185 … 
[RU(G f l)(G f2)][PF山43 3051 1380 1380.1 a 
A MW obtained by L-SIMS,
b
 MW obtained by APCI. 
3 .2 Characterization of non-fluorinated series of metallodendrimers 
iH-NMR and  13C-NMR spectroscopy 





C-NMR, mass spectrometry and elemental analysis. 
The chemical shift values of the protons on the terpy ring of the various non-fluorinated 
metallodendrimers were tabulated in Table 8. The values were similar throughout the 
various generations. Futhermore, there was no significant shift of chemical shift values 
between the fluorinated and non-fluorinated series, suggesting the through space 
influence of the pentafluorophenoxy moiety on the terpyridine core was miminal. 
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Table 8. Chemical shift of protons on the terpy ring of the various non-fluorinated metallodendrimers 
[Ri^GiiXGiOltPFA 
rompoiinds H5&HC H^ H^ H tf 拍， 
R R W N O U P F + 5 3 7.31-7.36 7.81 8.08 8.43 9.18 9.51 
P R H I R P F + 5 8 7.28-7.34 7.80 8.07 8.40 9.12 9.46 
[Pu rn^ . i rPF^o 60 7.27-7.29 7.79 8.06 8.34 9.03 9.41 
p n r n m r n n i r P F ^ o 54 7.29-7.36 7.81 8.11 8.33 9.04 9.40 
• RN^MRR^-IIRPF^-L. 55 7.26-7.36 7.78 8.06 8.40 9.10 9.45 
[RU (G1)(G2)][PF 6 ] 9 59 7.27-7.34 7.79 8.08 8.35 9.07 9.43 
Mass spectrometry 
Table 9 showed the theoretical and experimental molecular weights of 
metallodendrimers of different generations. Under ESI condition, the experimental 
molecular ions were usually the (M - PF6)+ It could be seen that the experimental 
molecular weights agreed well with the calculated ones. 
Table 9. Molecular weights of the molecular ion of non-fluorinated metallodendrimers of the various 
generations [Ru(Gn)(Gn')][PF6]2 
Compounds Calc.MW m/z of { [Ru(Gn) Found MW 
(Gn，)][PF6]}+ 
rRu(G0), l [PFA53 1422 1277
 1 2 7 6
.
4 
[RU(G1)9][PF6]258 2135 1989 1988.9 
[RU(G2)2][PF6]260 3561 3415 ™ 
[RU(GQ)(G1)][PF6]2 54 1778 1633 1632.1 
[RU(G0)(G2)][PF6]2 55 2491 2345 ：^ 
[RU(G1)(G2)][PF6]259 2848 2702 2701.3 
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CHAPTER III. REDOX PROPERTIES OF METALLO-
DENDRIMERS 
1 . Cyclic voltammetry studies 
Cyclic voltammetry is a simple and direct method for measuring the potential at 
which an electro-active species is oxidized or reduced. Experimentally, a cyclic potential 
sweep is applied linearly on the working electrode and the current response is observed. 
Figure 5 shows the cyclic voltammogram of a typical reduction process. As the potential 
decreases from an initial value linearly, very little current is obtained until at about 0.1V 
where the electro-active species undergoes reduction at the electrode. Thereafter, the 
current increases exponentially as the rate of reduction increases at more negative 
potentials. However, the depletion of the electro-active species near the electrode surface 
causes the rate of reduction to slow down to an extent determined by their rate of diffusion 
from the bulk solution to the electrode. These two competing processes gives the cathodic 
peak (Epc) in the cyclic voltammogram. When the potential reaches the predetermined final 
value, the scan direction is reversed. Again, the current of the system remains low until at 
about 0.2V where the already reduced species undergo oxidation at the electrode. This 
gives the anodic peak (Epa) in the cyclic voltammogram. The reduction potential of the 
electro-active species is approximated by the average peak potential Ey2 (五1/2 = (^pc + 
^paV2)-
3 9 
The shape of the voltammogram reflects the reversibility of the electron transfer 
process at the electrode (Fig. 6). A reversible system is characterized by a rapid electron 
transfer reaction at the electrode so that equilibrium conditions are maintained even in a 
rapidly changing potential condition. In an irreversible system, the reaction rate was so 
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Figure 5. Cyclic voltammogram showing a typical reduction process 
slow that electron transfer usually occurs in one direction only. A subset of this class are 
those reactions that yield products not capable of being recycled electrochemically. Those 
are chemically irreversible system. An intermediate between the above two systems is so 
called a quasi-reversible system. The following criteria are usually used for differentiating 
the above three systems:
 4 0 
Reversible : k。> 0.3 D 1 / 2 cms - 1 
Quasi-reversible : 0.3 D
1 / 2 > k 0 > 2 x 10"5 v m cms"1 
Irreversible : kQ< 2 x 10"5 \ ) 1 / 2 cms"1 
where Jcq is the standard rate constant of the electron transfer reaction and D is the scan rate 
in performing the cyclic voltammetry. 
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Figure 6. The effect of increasing irreversibility on the shape of cyclic voltammograms 
1 . 1 Cyclic vol tammograms of f luorinated meta l lodendr imers 
The electrochemical cell used in our study was a three electrode system: a platinum 
working electrode，a silver wire reference electrode and a platinum wire auxiliary electrode. 
The potential sweeps were conducted in a CH2C12 solution containing tetrabutylammonium 
teti-afluoroborate (TBAB) as the support electrolyte under nitrogen at 5°C. The redox 
potentials were calibrated using ferrocene ( E m : 0.35 V) as an internal standard. 
Ruthenium bis(terpy) complexes are known exhibited one oxidation and two 
reduction processes. The former process corresponded to the oxidation of the metal 
ruthenium � to mthenium (III) while the latter were due to the reduction of the terpyridines 
ligands. 2 5 
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The cyclic voltammetry (CV) of the fluorinated homoleptic complexes 
[Ru(GfO)2][PF6]2 37, [Ru(G f l ) 2][PF 6] 2 42 and [Ru(G f2) 2][PF 6] 2 45 were shown in 
Figure 7. On the other hand, those of the heteroleptic complexes [RuCGfOJCGf 1 ) 1 ^ ^ 2 
38, [Ru(GfO)(G f2)][PF6]2 39 and [Ru(G fl)(G f2)][PF6]2 43 were shown in Figure 8. 
For the lower generation GO and G1 metallodendrimers [Ru(GfO)2][PF6]2 37 , 
[Ru(G £0)(G f l )][PF 6] 238 and [Ru(G f l) 2][PF 6] 2 42’ their redox processes were all quasi-




 process had a redox potential E m 
situated at around 1.14 一 1.22 V (Table 10), while those of the reduction processes had 
redox potentials situated a t -1 .24- -1 .33 V and -1 .57 - -1.66 V. It was also noted that the 
reduction potentials became more negative on going from the smaller towards the larger 
dendritic ligands. This trend could be explained by the increasingly electron-rich 
microenvironraent created by the dendritic architecture. The peak separation (AE), a 
marker which reflected the reversibility of the redox process, gradually increased from the 
smallest homoleptic GfO dendrimers 37 towards the heteroleptic Gf0-G fl 38 and to the 
larger homoleptic G f 1 dendrimer 42. The CV waves of the heteroleptic Gf0-Gf2 dendrimer 
39 began to show signs of irreversibility, with AE values being as large as -180 mV. The 
CVs of the other larger-size higher generation dendrimers 43 and 45 were ill-defined. The 
redox waves appeared as irreversible processes and in some cases could not be identified. 
These results revealed that the reversibility of the electron transfer reactions decreased with 
increasing generations. This could be rationalized by the increasing size of the dendritic 
fragments surrounding the central ruthenium ion, which hindered the electron transfer 
process. 
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Figure 7. Cyclic voltammogram of (a) 1.12 mM [Ru(G f0)2][PF6]2 37, (b) 1.01 mM [Ru(G fl)2][PF6]2 
42 and (c) 1.04mM [Ru(Gf2)2][PF6]2 45 in CH 2C1 2 with 0.100 M TBAB as supporting 
electrolyte. Potentials are calibrated against ferrocene. Scan rate was 100mV/s 
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Figure 8. Cyclic voltammogram of (a) 1.10 mM [Ru(G t0)(Gfl)][PF6]2 38，(b) 1.05 mM 
[Ru(Gt0)(Gf2)][PF6]2 39 and (c) 1.07mM [ ^ ( 0 ^ ) ( 0 ^ ^ ^ 2 43 in CH2C12 with 0.100 
M TBAB as supporting electrolyte. Potentials are calibrated against ferrocene. Scan rate 
was 100m V/s 
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Table 10. Average peak potentials and peak separations of the redox processes of [Ri^GphllPFG]】37, 
[Ru(G fl)2][PF6]2 42’ [RiKGfOXGfDKPFG]】38 , [肋_爛 ]肝6] 2 39 and performed in 
dichloromethane with 0.100M TBAB as supporting electrolyte 






『Ru(GfO)7][PF6]? 37 1.18 (124) -1.24 (67) -1.57 (141) 
rRu(G fl)7][PF6]9 42 1.14 (180) -1.33 (142) -1.63 (182) 
rRufGfOKGfnirPFG^ 38 1.20 (133) -1.27 (138) -1.58 (173) 
rRu(GfQ)(Gf2)][PF6]?39 1.22 (180) -1.27 (148) -1.66 (158) 
1 .2 Cyclic voltammograms of non-fluorinated metallodendrimers 
Similar to their fluorinated analogues, the CV of the non-fluorinated ruthenium 
containing lower generation metallodendrimers [Ru(G0)2][PF6]2 53, [RU(G0)(G1)][PF6]2 
54 and [Ru(G1)2][PF6]2 58 all exhibited a one-electron oxidation and two one-electron 
reduction processes (Figure 9). The average peak potentials (£ 1 / 2) of the three waves were 
located at 1.18 一 1.21 V，-1.28 - -1.36 V and -1.61 - -1.63 V (Table 11)，and were 
similar in values to those of the fluorinated metallodendrimer series, showing that the 
remote perfluorophenoxy groups had little effect on the redox potentials. Again the 
increasingly electron-rich dendritic microenvironment drove the reduction potentials to 
more negative values on going from the lower to the higher generations. The peak 
separation (AE) similarly increased from the smallest homoleptic GO dendrimer 53 towards 
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Figure 9. Cyclic voltammogram of 1.03 mM [Ru(G0)2][PF6]2 53 (a), 0.98 mM [RU(G0)(G1)][PF6]2 
54 (b) and 1.06 mM [RU(G1)2][PF6]2 58 (c) in CH 2C1 2 with 0.100 M TBAB as supporting 
electrolyte. Potentials are calibrated against ferrocene. Scan rate was lOOmV/s 
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the heteroleptic G0-G1 54 and to the larger homoleptic G1 dendrimer 58. The CV waves 
of the larger-size higher generation dendrimers 55, 59 and 60, as expected, appeared as 
irreversible processes and in some cases could not be identified. 
Table 11. Average peak potentials and peak separations of the redox processes of [Ru(G0)2][PF6]2 53, 
[RU(G1)2][PF6]2 58, [RU(G0)(G1)][PF6]2 54, pafonned in dichloromethane with 0.100M 
TBAB as supporting electrolyte 






[RU(G0)2][PF6]2 53 1.18 (127) -1.28 (149) -1.62 (86) 
rRu(Gl)7l[PF6]9 58 1.21 (197) -1.36 (152) -1.63 (51) 
[RU(G0)(G1)][PF6]2 54 1.18 (196) -1.31 (166) -1.64 (97) 
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CHAPTER IV. SUMMARY 
Two series of ruthenium containing terpyridine-based metallodendrimers, one 
with perfluorophenoxy and the other with 卜butylphenoxy surface groups, were 
prepared by a convergent synthetic strategy. These metallodendrimers were 
synthesized with the aim to investigate whether the remote perfluorophenoxy moieties 
had any effect on the redox properties of the electrochemically active central Ru-
bis(terpy) core. 
These metallodendrimers were constructed by coordinating a ruthenium ion to 
two molecules of dendritic pyridine ligands of different generation. The ligands, in 
turn, were synthesized by coupling of a terpyridine core to polyether-based dendritic 
fragments having either the perfluorophenoxy or the r-butylphenoxy surface groups. 
The polyether-based dendrimers were prepared by an iterative synthesis cycle involved 
two reaction steps: (a) a bis-O-alkylation reaction of the branching agent 5-(3-
hydroxypropoxy)-1,3-resorcinol 19 with a dendritic bromide [Gn]_0(CH2)3Br/[Gfn]_ 
0(CH2)3Br to give a dendritic alcohol of the next generation [G(n+1)]-
0(CH 2) 30H/[GF(n+l)]-0(CH 2) 30H; (b) a function group conversion reaction of the 
dendritic alcohol to the corresponding dendritic bromide by CBr4/PPh3. All the 
metallodendrimers and the isolable intermediates were fully characterized by NMR, MS 
and elemental analysis. 
The redox properties of these metallodendrimers were investigated by cyclic 
voltammetry- It was found that the perfluorophenoxy surface groups had little impact 
on both the redox potential and the reversibility of the redox processes. On the other 
hand, the electron-rich dendritic architecture resulted in the gradual shift of reduction 
potentials to more negative values in the higher generation metallodendrimers. In both 
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the fluorinated and non-fluorinated dendrimers series, the electron transfer processes 
were seen to become increasingly irreversible towards the higher generation, indicating 
the redox processes were hindered by the increasing size of the hydrophobic dendritic 
envelop. 
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CHAPTER V. EXPERIMENTAL 
General. Melting points were measured on a Reichert Microscope apparatus and 
are uncorrected. 1H-NMR spectra (300 MHz) and 13C-NMR (75.47MHz) spectra were 
recorded on a Brilker Advance DPX 300 spectrometer. All NMR measurements were 
carried out at room temperature in deuteriochloroform with Me4Si (TMS) as internal 
standard unless otherwise specified. Chemical shifts are reported as parts per million 
(ppm) in 8 scale downfield from TMS. Coupling constant (7) are reported in hertz. Mass 
spectra were obtained on Briiker APEX 47e FTMS with liquid secondary-ion mass 
spectrometry (I^-SIMS) method, electron spray ionization (ESI) technique, fast atom 
bombardment (FAB) technique or atmospheric pressure chemical ionization (APCI) 
technique. The reported molecular mass (m/z) values, unless otherwise specified, were the 
most abundant monoisotopic mass. Elemental analysis were carried out at either Shanghai 
Institute of Organic Chemistry, Academic Sinica, China or MEDAC Ltd., Brunei Science 
Center, Cooper's Hill Lane, Englefield Greed, Egham, Surrey TW20 OJZ, United 
Kingdom. Cyclic voltammetry studies were earned out using a model BAS CV50W cyclic 
voltammeter. 
All non-aqueous reactions were carried out under a dry nitrogen atmosphere with 
oven-<iried (115°C) glassware. All reactions were monitored by thin layer 
chromatography (TLC) performed on Merck precoated aluminium oxide 6OF254 neutral 
plates or Merck precoated silica gel 60F 2 5 4 plates, and compounds were visualized with a 
spray of 5% w/v dodecamolybdophosphoric acid in ethanol and subsequent heating. Silica 
gel flash chromatography was carried out on columns of Macherey Nagel silica gel 60 
(230-400 mesh) and Merck aluminium oxide 90 active, neutral (70-200 mesh) 
respectively. Unless otherwise stated, all chemicals were purchased from commercial 
suppliers and used without further purification. All solvents were reagent grade. 
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Dichloromethane was distilled from CaH 2 and stored over 4 A molecular sieves. 
Tetrahydrofuran (THF) was freshly distilled from sodium/benzo-phenone ketyl under 
nitrogen. 
4’-(4-Hydroxy)phenyl-2,2':6’,2”-terpyridine 15. A mixture of 4 ,-(4-methoxy)phenyl-
2,2
,
:6',2"-terpyridine 16 (2.0 g，6 mmol), hydrogen bromide (20 mL) and acetic acid (20 
mL) was heated at 130°C for 3 h. Then 20% aqueous NaOH solution (30 mL) was added 
to change the pH value of the reaction mixture to 8-9 and the mixture was stirred stirred for 
1 h. The precipitate was collected and washed with hexane to give the target compound 15 
(1.8 g, 95%) as a gray solid, m.p. 305-307。C. lit，285-290。C. iH-NMR (办DMSO) 
3.3-3.5 (1H, br, OH), 7.01 (2H, d , 7 = 8 . 7 , ff), 7.56 (2H, ddd, J= 1.8，3.9，6.6, H”， 
7.82 (2H, d, / = 8.7, _ ， 8 . 0 6 (2H, d t , / = I S and 3.0, H^), 8.69 (2H, d，/= 7.8, H3), 
8.69 (2H, s, H3'), 8.79 (2H, d, 7 = 6.0，H〜；^C-NMR (水-DMSO) 116.5，117.3, 
121.2, 124.7, 128.1, 128.5, 137.7, 149.6，155.4, 155.8, 159.2; MS (EI, w/z) 325 (M+， 
25%). 
4’-(4-Methoxy)phenyl-2，2’:6’,2”-terpyridine 16. A mixture of 2-acetypyridine (9.0 g, 73 
mmol), acetamide (30.0 g, 514 mmol), ammonium acetate (68.0 g, 881 mmol) and 4-
methoxybenzaldehyde 17 (5.0 g，36 mmol) was refluxed at 180°C for 3 h. After addition 
of sodium hydroxide solution (24.0 g NaOH in 48 mL water), the mixture was further 
heated at 120°C for 2 h without stirring. The mixture was poured into water and extracted 
with dichloromethane (3 x 100 mL). The organic layer was dried (MgS0 4), filtered and 
concentrated in vacuo to give the crude product. Flash chromatography on alumina 
(hexane/EtOAc = 8/1) gave a mixture of compound 16 and the regio-isomer 18 as a yellow 
solid (6.2 g). This solid was redissolved in methanol (50 mL) and FeCl 2-4H 20 (3.6 g，18 
mmol) was added. The mixture was refluxed for a further 3 h and a solution of NH 4 PF 6 
(3.0 g, 18 mmol) in methanol (10 mL) was added to give deep purple precipitate. The 
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precipitate was filtered and washed with dichloromethane. The desired terpy ligand was 
regenerated by treating the purple complex with 30% H2O2 (50 mL) in a mixture of 
acetonitrile (50 mL) and aqueous NaOH solution (50 mL) following the literature 
procedure.
3 4
 4，-(4-Methoxy)phenyl-2，2，:6，，2”-tei*pyridine 16 (2.5 g, 53%) was then 
obtained as a light yellow crystalline solid, m.p. 155-156。C lit.34 158-159。C. R f 0.82 
(hexane/EtOAc = 4/1); iH-NMR 3.89 (3H, s, OCH 3), 7.04 (2H, d, 7 = 9.0, H^), 7.39 
(2H, ddd, J= 1.5, 4.8，7.5, H5), 7.88-7.94 (4H, m, H^ and H^), 8.68-8.76 (4H, m, H^ 
and H6)，8.74 (2H, s, H ” . 
4-Methoxybenzaldehyde 17. A mixture of 4-hydroxybenzaldehyde (2.0 g, 16 mmol), 
methyl iodide (1.5 mL) and potassium carbonate (4.5 g, 32 mmol) was stirred in acetone at 
room temperature for 24 h. The reaction mixture was filtered through silica gel. The filtrate 
was evaporated in vacuo to give the aldehyde (2.1 g, 95%) as a yellow liquid and was used 
in the next step without further purification. iH-NMR 3.89 (3H, s, OMe), 7.00 (2H, d, J 
=8 .7，AiH\ 7.84 (2H, d , 7 = 9.0，Ar//)，9.88 (1H，s, CHO). 
3-Pentafluorophenoxy-l-propanol 24. A mixture of pentafluorophenol (5.0 g, 27 mmol), 
3-bromopropanol (3.2 mL, 35 mmol) powdered potassium carbonate (11.3 g, 81 mmol) 
and acetone (100 mL) was heated under reflux for 12 h. The reaction mixture was filtered 
and evaporated in vacuo to give the crude product. Flash chromatography of the crude 
compound on silica gel (hexane/EtOAc = 8/1) afforded the alcohol [Gf0]-O(CH2)3OH 24 
as a colorless liquid (6.2 g, 94%). R/0.53 (hexane/EtOAc = 3/1); iH-NMR 1.99 (2H, 
quintet, J = 6.0, CCH2C\ 2.75 (1H, br, s, OH), 3.83 (2H, t, J = 6.0, CH 2OH), 4.27 
(2H, t, J = 6.0, C// 2OAr); ^C-NMR 32.5, 58.7，72.8, 133.5, 137.3，138.0，141.7; MS 
(EI, m/z) 242 (M+, 100%). Anal. Calcd for C 9 H 7 F 5 0 2 : C, 44.64; H, 2.91. Found: C, 
44.60; H, 2.91%. 
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3-Pentafluorophenoxy-l-bromopropane 25. A mixture of 3-pentafluorophenoxy-1-
propanol 24 (5.0 g, 20 mmol), carbon tetrabromide (13.3 g，40 mmol) and 
triphenylphosphine (10.5 g, 40 mmol) was stirred in THF at room temperature for 6 h. 
The reaction mixture was filtered through celite and the filtrate was concentrated on a rotary 
evaporator under reduced pressure to give the crude compound. Flash chromatography of 
the crude compound on silica gel (hexane/EtOAc = 20/1) afforded the surface bromide 
[GfO]-0(CH2)3Br 25 as a colorless liquid (5.8 g, 93%). R/0 .79 (hexane/EtOAc = 5/1); 
1H-NMR 2.30 (2H, quintet, J = 6.0, CCH2C), 3.63 (2H, t, 7 = 6.0, CH2Bv), 4.30 (2H, 
t , J = 6.0, CH2OAr); 13C-NMR 28.9, 32.7, 72.9, 133.5, 137.4, 137.8, 141.7; MS (EI, 
m/z) 304 and 306 (M+, 91% and 87%). Anal. Calcd for C 9 H 6 BrF 5 0 : C, 35.44; H, 1.98. 
Found: C, 35.58; H，1.92%. 
General procedure for the synthesis of dendritic alcohols [Gfi]-0(CH2)30H (n- I -3)26, 
27, 28. A mixture of the bromide [Gf(n-l)]-0(CH》 3Br(2.2 mol equiv.), 5-(3-
hydroxypropoxy)-1,3-resorcinol 19 (1 mol equiv.), potassium carbonate (4 mol equiv.) 
and 18-crown-6 (0.1 mol equiv.) in acetone was boiled under reflux. The reaction mixture 
was cooled, filtered and evaporated in vacuo to give the crude product which was purified 
as described in the following text. 
[Gfl]-0(CH2)SOH 26. Flash chromatography of the crude compound on silica gel 
(hexane/EtOAc = 5/1) afforded the dendritic alcohol 26 (90%) as a colorless liquid. Rf 
0.62 (hexane/EtOAc = 1/1); iH-NMR 1.74 (1H, t’ •/ = 5.4，CH 2OH) f 2.03 (2H, quintet, J 
=6 .0 , CH2CH2OH\ 2.22 (4H, quintet, J = 6.0’ CH 2 CH 2 OC 6 F 5 )，3 .85 (2H, quintet, J = 
5.4, C / / 2 OH) , 4.06-4.14 (6H, m, Ci/ 2OAr)，4.34 (4H’ t, J = 6.0, CH2OC6F5\ 6 .09 
(3H, s, AvH); 13C-NMR 29.7, 31.9, 60.4, 63.7, 65.7, 72.2, 94.0, 133.5, 137.4，138.0, 
141.7, 160.6; MS (EI, m/z) 632 (M+, 100%). Anal. Calcd for C 2 7 H 2 2 F 1 0 O 6 : C, 51.28; 
H, 3.51. Found: C, 51.39; H, 3.61%. 
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[GFI]-0(CH2)3OH 27 . Flash chromatography of the crude compound on silica gel 
(hexane/EtOAc = 5/1) afforded the dendritic alcohol 27 (89%) as a pale yellow liquid. R f 
0.75 (hexane/EtOAc = 1/1); iH-NMR 1.72 (1H, t，/= 5.4，CH2OH), 2.01 (2H, quintet, J 
=6.0, CH 2CH 2OH), 2.21 (12H, quintet, J = 6.0，CH2CH2OC6F5), 3.83 (2H, quintet, J 
=5.4 , CH2OU), 4.04-4.13 (18H，m, CH2OAr)，4.34 (8H, t，J = 6 . 0 ， C H 2 O C 6 ¥ 5 \ 6.07 
(9H, s, ArH); 13C-NMR 29.1, 29.7, 31.8, 60.4, 63.7, 64.4’ 65.7, 72.2, 94.0，133.5, 
137.3’ 138.0, 141.7，160.5; MS (FAB, m/z) 1413 (M+H+’ 100%). Anal. Calcd for 
C 6 3H52F2O0 1 4 : C, 53.55; H, 3.71. Found: C, 53.50; H, 3.95%. 
[GJ3]-0(CH2)30H 28. Flash chromatography of the crude compound on silica gel 
(hexane/EtOAc = 5/1) afforded the dendritic alcohol 28 (63%) as a pale yellow liquid. R , 
0.65 (hexane/EtOAc = 3/2); iH-NMR 1.76 (1H, t，/= 5.4’ CH20//)，2.01 (2H, quintet, J 
=6.0, CH 2CH 2OH), 2.21 (28H，quintet, J = 6.0, C / / 2 CH 2 OC 6 F 5 )’ 3.84 (2H, quintet, J 
=5.4, CH2OU), 4.04-4.13 (42H, m, C//2OAr)，4.34 (16H, t, J = 6.0, CH2OC6¥5), 6.08 
(21H, s, AxH)\ 1 3C-NMR 29.1, 29.7, 31.8, 60.4，63.7’ 64.4，65.7, 72.1, 94.0, 133.5, 
137.3，138.0，141.7，160.6; MS (L-SIMS, m/z) 2975 (M+, 17%). Anal. Calcd for 
C 2 7 H 2 2 F 1 0 O 6 : C, 54.52; H, 3.80. Found: C, 54.64; H, 3.88%. 
General procedure for the synthesis of dendritic bromides [GFI]-0(CH2)3Br (n= 1 -3)29, 
30，31. 
A mixture of the dendritic phenol [G fn]-0(CH》30H (1 mol equiv.)，carbon tetrabromide 
(2 mol equiv.) and triphenylphosphine (2 mol equiv.) in THF was stirred at room 
temperature for 3 h. The reaction mixture was filtered and evaporated in vacuo to give the 
crude product which was purified as described in the following text. 
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[Gfl]-0(CH2)3Br 29. Flash chromatography of the crude compound on silica gel 
(hexane/EtOAc = 30/1) afforded the dendritic bromide 29 (95%) as a colorless oil. R/0.45 
(hexane/EtOAc = 10/1); iH-NMR 2.18-2.32 (6H, m, CCH2C), 3.59 (2H, t, 7 = 6.3， 
CH2Br), 4.06 (2H, t, J = 6.0，CH2OAr), 4.13 (4H, t , 7= 6.0, Ci/2OAr), 4.35 (4H, t, / = 
6.0, C/ / 2 OC 6 F 5 ) , 6.09 (3H，s，ArH); 1 3C-NMR 27.7, 29.7, 29.9, 32.2, 63.7, 65.3, 
72.1, 94.0，133.5, 137.3, 138.0，141.7, 160.5; MS (EI, m/z) 694 and 696 (M+, 58 and 
65%). Anal. Calcd for C 2 7 H 2 1 BrF 1 0 O 5 : C, 46.64; H, 3.04. Found: C, 46.56; H, 3.08%. 
[G戶]-0(CH2)3Br 30. Flash chromatography of the crude compound on silica gel 
(hexane/EtOAc = 20/1) afforded the dendritic bromide 30 (94%) as a pale yellow oil. Rf 
0.49 (hexane/EtOAc = 5/1); !H-NMR 2.19-2.30 (14H, m, CCH2C\ 3.57 (2H, t, J = 6.6, 
CH2Br), 4.02-4.13 (18H, m, C//2OAr)，4.34 (8H, t, 7 = 6.0, CH2OC6F5), 6.08 (9H, s, 
Arff)； 1 3C-NMR 29.1, 29.7，29.9，32.2, 63.7，64.4, 65.2, 72.2, 94.0, 133.5, 137.3, 
138.0，141.7, 160.5, 160.7; MS (L-SIMS, m/z) 1475 and 1477 (M+H+, 83% and 100%). 
Anal. Calcd for C 6 3 H 5 1 B r F 2 0 O 1 3 : C, 51.27; H, 3.48. Found: C, 51.39; H, 3.47%. 
[Gj3]-0(CH2)3Br 31. Flash chromatography of the crude compound on silica gel 
(hexane/EtOAc = 20/1) afforded the dendritic bromide 31 (64%) as a pale yellow oil. R , 
0.64 (hexane/EtOAc = 3/1); ^-NMR2.17-2.25 (30H, m, CCH2C), 3.57 (2H, t, 7 = 6.6, 
CH2Br), 4.04-4.13 (42H, m, C//2OAr)，4.32-4.36 (16H, t, J = 6.0, C尺2OC6F5)，6.08 
(21H, s，ArH); 13C-NMR 29.1, 29.7，29.9, 30.9，32.2, 63.7, 64.4, 65.2, 72.1，94.0, 
133.5, 137.3, 138.0，141.7, 160.6; MS (L-SIMS, m/z) 3036 (M+，56%). Anal. Calcd for 
C i 3 5 H m B r F 4 0 O 2 9 : C, 53.39; H, 3.68. Found: C, 53.60; H, 3.67%. 
GjO 32. A mixture of 4，-(4-hydroxy)phenyl-2，2，:6，’2，’-terpyridine 15 (2.13 g, 6.56 
mmol), 3-pentafluorophenoxy-l-bromopropane 25 (2.0 g, 6.56 mmol) and potassium 
carbonate (1.4 g, 10 mmol) was refluxed in THF (80 mL) for 20 h. The mixture was 
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cooled and filtered. Concentration of the filtrate followed by flash chromatography of the 
residue on alumina (hexane/EtOAc = 10/1) afforded GfO 32 (0.95 g, 53%) as a white 
crystalline solid, m.p. 99-101。C. R f 0.54 (hexane/EtOAc = 5/1); !H-NMR 2.28 (2H, 
quintet,7= 6.0, CCH2C\ 4.24 (2H, t, 7 = 6 . 0 , C//2OAr), 4.39 (2H, t, 7 = 6.0, CH20 
C 6 F 5 ) , 7.03 (2H, d, 7 = 8.7, H。)，7.35-7.39 (2H, m, H5)，7.87-7.93 (4H, m, H^ and 
Hb), 8.67-8.75 (4H, m, H3 and H6), 8.74 (2H, s, tf，)； 13C-NMR 29.7, 63.7，72.1, 
114.7, 118.1，121.3，123.7, 128.5, 130.8，133.5, 136.8，137.3，138.0，141.7, 149.0， 
149.6, 155.7, 156.2, 159.5; MS (EI, m/z) 549 (M+, 100%). Anal. Calcd for 
C 3 0 H 2 0 F 5 N 3 O 2 : C, 65.57; H, 3.67; N, 7.64. Found: C, 65.46; H, 3,74; N, 7.72%. 
Gfl 33. A mixture of 4，-(4-hydroxy)phenyl-2,2，:6，，2，，-terpyridine 15 (1.0 g, 2.8 mmol), 
[G fl]-0(CH 2)3Br 29 (2.0 g, 2.8 mmol) and potassium carbonate (1.2 g, 8.6 mmol) was 
refluxed in THF (100 mL) for 24 h. The mixture was cooled and filtered. Concentration of 
the filtrate followed by flash chromatography of the residue on alumina (hexane/EtOAc = 
10/1) afforded G f l 33 (2.1 g, 80%) as a white glassy substance. R , 0.43 (hexane/EtOAc 
=4/1); !H-NMR 2.19-2.29 (6H, m, CCH2C)t 4.10-4.22 (8H, m, C// 2OAr), 4.34 (4H, t, 
J = 6.0, CH 2OC 6F 5 ) , 6.08 (1H, s, ArH)y 6.12 (2H, s, Ar//)，7.03 (2H, d, J = 9.0, H^), 
7.35 (2H, m, H5)’ 7.84-7.88 (4H, m, H^ and H^), 8.65-8.73 (4H, m, H3 and H^), 8.71 
雜 s, I P ) ; 13C-NMR 29.1, 29.7’ 63.6，64.4, 72.1, 94.0，114.4，114.7, 118.1, 121.2, 
123.7, 128.4, 130.6，133.5, 136.8，137.3, 138.0’ 141.7，149.0, 149.6，155.7, 156.2, 
159.7, 160.5，160.6; MS (EI, m/z) 940 (M+，100%). Anal. Calcd for C: 4 8 H 3 5 F 1 0 N 3 O 6 : 
C, 61.35; H, 3.75; N, 4.47. Found: C, 61.53; H, 3.93; N, 4.44%. 
Gf2 34. A mixture of 4，-(4-hydroxy)phenyl-2’2，:6’，2，’-terpyridine 15 (0.22 g，0.67 
mmol), [G f2]-0(CH2)3Br 30 (1.0 g, 0.67 mmol) and potassium carbonate (0.2 g, 1.34 
mmol) was refluxed in THF (50 mL) for 36 h. The mixture was cooled and filtered. 
Concentration of the filtrate followed by flash chromatography of the residue on alumina 
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(hexane/EtOAc = 10/1) afforded G f2 34 (1.1 g, 95%) as a white glassy substance. Rf 
0.40 (hexane/EtOAc = 3/1); !H-NMR 2.16-2.28 (14H, m, CCH2C), 4.09-4.14 (18H, m, 
C / / 2 O A T ) , 4 . 2 1 (2H, 1 , 7 = 6 . 0 , C / / 2 OAR) , 4.33 (8H, t, J = 6.0, C H 2 O C 6 F 5 ) , 6.07-6.12 
(9H r m, ArH)y 7.02 (2H, d, 7 = 7.0, H。)，7.34-7.36 (2H, m, H5), 7.85-7.88 (4H, m, H^ 
and Hb), 8.65-8.72 (4H, m, H3 and H^), 8.71 (2H, s, H^)； 13C-NMR 29.1, 29.7, 63.7， 
64.4, 72.1, 94.0, 114.8, 118.1，121.3, 123.7，127.6, 128.3, 128.4，130.7, 133.5， 
136.8，137.3，138.0, 141.7，149.0, 149.6，155.7, 156.3, 159.7, 160.6; MS (L-SIMS, 
w/z) 1720 (M+H+, 100%). Anal. Calcd for Cg4H 6 5 F 2 0 N 3 O 1 4 : C, 58.64; H, 3.81; N, 
2.44. Found: C, 58.64; H, 3.94; N, 2.26%. 
Gj3 35. A mixture of 4’-(4-hydroxy)phenyl-2，2，:6，，2，，-terpyridine 15 (0.11 g, 0.33 
mmol), [G f3]-0(CH 2) 3Br 31 (1.0 g, 0.33 mmol) and potassium carbonate (0.99 g, 0.66 
mmol) was refluxed in THF (100 mL) for 48 h. The mixture was cooled and filtered. 
Concentration of the filtrate followed by flash chromatography of the residue on alumina 
(hexane/EtOAc = 5/1) afforded G f3 35 (0.43 g, 40%) as a pale yellow glassy substance. 
R^O.58 (hexane/EtOAc = 2/1); 1H-NMR 2.18-2.27 (30H, m, CCH2C\ 4.06-4.22 (44H, 
m, CH2OAr)，4.34 (16H, m, CH 2 OC 6 F 5 ) , 6.08 (21H, m, hxH), 7.03 (2H, d, 7 = 8.7， 
He), 7.34 (2H, m, H5), 7.85-7.87 (4H, m, H
4
 and H^), 8.65-8.72 (4H, m, H3 and H^), 
8.70 (2H, s, H3’)； 13C-NMR 29.1, 29.7，63.6，64.4，72.1, 94.0, 114.7’ 118.1, 121.2, 
123.7, 128.4，130.6, 133.5, 136.8，137.3, 138.0, 141 .7’ 149.0，149.6，155.7, 156.2， 
159.7，160.5, 160.6. MS (L-SIMS, w/z) 3281 (M+H+, 100%). Anal. Calcd for 
Ci56Hi25F 4 0N 3O 3 0 : C, 57.10; H, 3.84; N，1.28. Found: C, 57.17; H, 3.85; N, 1.44%. 
Ru(G/))Cl3 3 6 An ethanolic solution of RUC1 3 (0.4 g, 2.0 mmol) was added to a boiling 
solution of GFO 32 (1.0 g, 1.8 mmol) in methanol (80 mL). The mixture was refluxed for 
further 2h. The precipitate was collected and washed with methanol to give the target 
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compound Ru(GfO)Cl3 36 (1.3 g, 94%) as a brown crystalline solid. The mono(terpy) 
ruthenium complex was used in the following steps without further purification. 
[Ru(Gfi)2][PF6l2 37. Ru(GfO)Cl3 36 (137 mg, 0.18 mmol) and 5 drops of N-
morpholine were added to a boiling ethanolic solution (30 mL) of GfO 32 (100 mg, 0.18 
mmol). The mixture gradually changed from a brown suspension to a red solution. After 
the mixture was refluxed for 3h, it was filtered through celite when hot and an ethanolic 
solution of NH 4 PF 6 (60 mg, 0.36 mmol) was added. The mixture was stirred and cooled 
to r.t.. The precipitate was filtered and washed with methanol. Flash chromatography of 
the crude compound on alumina (hexane/CHCiyacetone/EtOH = 10/2/1/1 gradient to 
CHCl3/EtOH = 20/1) afforded [RiKGfOkKPFda 37 as a reddish brown solid (150 mg, 
55%), m.p. >350°C. ^H-NMR (^-acetone) 2.38 (4H, quintet，/= 6.0，CH2CH2CH2), 
4.36 (4H, t, J = 6.0, C// 2OAr), 4.53 (4H’ t , 7 = 6.0, OZ2OC6F5)，7.32-7.36 (8H, m, He 
and H5), 7.82 (4H’ d, 7 = 5.4, H^), 8.10 (4H, t, 7 = 7.8,妒)，8.34 (4H, d，/ = 9.0，Hb)， 
9.05 (4H, d, J = 7.8，H3), 9.41 (4H, s, H3')； 13C-NMR (^-acetone) 30.4, 64.9, 65.0, 
73.2，116.2, 121.6, 125.5, 128.5, 128.8, 129.8，130.3, 130.2, 133.5, 137 .3 , 138.0, 
138.9, 141.7，148.7，153.4, 156.5, 159.5, 161.9; MS (L-SIMS, m/z) 1200.2 [(M-
2PF6)+, 100%], 600.1 [(M-2PF 6)
2 +
, 32%]. Anal. Calcd for C 6 0 H 4 0 F 2 2 N 6 O 4 P 2 Ru: C, 
48.37; H, 2.71; N, 5.64. Found: C，48.26; H, 2.66; N, 5.82%. 
[Ru(GjO)(Gfl)][PF6]2 38. Ru(G f l)Cl 3 41 (100 mg, 0.087 mmol) and 5 drops of N-
morpholine were added to a boiling ethanolic solution (30 mL) of GfO 32 (50 mg, 0.087 
mmol). The mixture gradually changed from a brown suspension to a red solution. After 
the mixture was refluxed for 4 h, it was filtered through celite when hot and an ethanolic 
solution of NH 4 PF 6 (30 mg, 0.17 mmol) was added. The mixture was stirred and cooled 
to r.t.. The precipitate was filtered and washed with methanol. Flash chromatography of 
the crude compound on alumina (hexane/CHCiyacetone/EtOH = 10/2/1/1 gradient to 
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CHCl3/EtOH = 20/1) afforded [Ru(G f0)(G fl)][PF6]2 38 as a reddish brown solid (108 
mg, 70%), m.p. >350 °C. iH-NMR (水-acetone) 2.24-2.40 (8H, m, CCH2C\ 4.18-4.26 
(6H, m, CH2OAr), 4.37-4.56 (10H, m, CH2OAr and CH2OC6F5)，6.19 (1H, s, ArH), 
6.21.(2H, s, ArH), 7.31-7.35 (8H, m, H。and H^), 7.81 (4H, d, J = 5.4, H6), 8.08 (4H, 
t, J = 7.8，H4), 8.35 (4H, d, J = 9.0,阱)，9.06 (4H, d, 7 = 7.8, H3), 9.41 (4H, s, H^); 
13C-NMR (^-acetone) 30.4, 30.5, 64.6，65.0, 65.1, 65.6, 73.3，94.8, 94.9, 116.2, 
M M 125 .5 , 128.5, 129.5, 129.7, 130.0’ 133.5, 137.3’ 138.0, 138.9，141.7, 1 4 8 . 7 ’ 
153.4, 156.5，159.5, 161.7，161.9，162.0; MS (APCI, m/z) 794.4 [M-2PF6)2+, 100%]. 
Anal. Calcd for C 7 8 H 5 5 F 2 7 N 6 0 8 P 2 Ru: C, 49.82; H, 2.95; N, 4.47. Found: C, 49.51; H, 
2.90; N, 4.30%. 
[Ru(Gfi)(Gfi)][PF6]2 39. Ru(Gf0)Cl3 36 (35 mg, 0.046 mmol) and 5 drops of N-
morpholine were added to a boiling solution of G f2 34 (80 mg, 0.046 mmol) in 
EtOH/CHCl3 mixture (30 mL, 4/1). The mixture gradually changed from a brown 
suspension to a red solution. After the mixture was refluxed for 4h, the reaction mixture 
was filtered through celite when hot and an ethanolic solution of NH 4PF 6 (15 mg, 0.093 
mmol) was added. The mixture was stirred and cooled to r.t.. The precipitate was filtered 
and washed with methanol. Flash chromatography of the crude compound on alumina 
(hexane/CHCl3/acetone/EtOH = 10/2/1/1 gradient to CHCiyEtOH = 15/1) afforded 
[Ru(GfO)(Gf2)][PF6]2 39 as a reddish brown solid (60 mg, 48%), m.p. >350。C. 
NMR (^-acetone) 2.18-2.24 (16H, m, CCH2C\ 4.14-4.18 (18H, m, C//2OAr)，4.40-
4.44 (14H, m, CH2OAr and C^2OC6F5)，6.14-6.19 (9H, m, ArH), 7.32-7.33 (8H, m, 
H
c
 and 祐)，7.81 (4H, m, H^), 8.08 (4H, m，H4)，8.32 (4H, m, Bh% 9.05 (4H, m, H^), 
9.39 (4H, br s, H3，）； 13C-NMR (^-acetone, one of the aliphatic methylene carbon signals 
was obscured by solvent signals) 64.6, 65.2, 73.3, 94.8, 116.2, 127.5, 127.6, 128.4, 
129.2, 129.6, 130.9, 133.5, 137.3, 138.0, 138.8，141.7，148.6, 153.4, 156.5, 161.6， 
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161.8. Anal. Calcd for C 1 1 4 H 8 5 F 3 7 N 6 0 1 6 P 2 R u : C, 51.46; H, 3.22; N, 3.16. Found: C, 
51.15; _ 3.01; _ 3.55%. 
Ru(Gfl)Cl3. 4 1 . An ethanolic solution of RUC1 3 (66 mg, 0.32 mmol) was added to a 
boiling solution of G f l 33 (300 mg, 0.32 mmol) in ethanoVCHC^ mixture (30 mL, 3/1). 
The mixture was refluxed for a further 2 h. The precipitate was washed with methanol to 
afford Ru(G f l)Cl 3 41 (250 mg, 68%) as a brown crystalline solid. The mono-complex 
was used in the next step without further purification. 
[Ru(Gfl)2][PF6]2 42. Ru(G f l)Cl 3 41 (120 mg, 0.1 mmol) and 5 drops of N-morpholine 
were added to a boiling solution of G f l 33 (100 mg, 0.1 mmol) in EtOH/CHCl3 mixture 
(30 mL, 10/1). The mixture gradually changed from a brown suspension to a red solution. 
After the mixture was refluxed for 4 h, the reaction mixture was filtered through celite 
when hot and an ethanolic solution of NH 4 PF 6 (35 mg, 0.21 mmol) was added. The 
mixture was stirred and cooled to r.t.. The precipitate was filtered and washed with 
methanol. Flash chromatography of the crude compound on alumina 
(hexane/CHCl3/acetone/EtOH = 10/2/1/1 gradient to CHCl3/EtOH = 20/1) afforded 
[Ru(G f l) 2][PF 6] 2 42 as a reddish brown solid (110 mg, 44%), m.p. >350 °C. iH-NMR 
(水-acetone) 2.21-2.36 (12H, m, CH2CH2CH2)，4.18-4.26 (12H, m, C// 2OAr), 4.37-
4.47 (12H, m, CH20 C 6 F 5 and CH2OAr), 6.18-6.21 (6H, m, ArH), 7.31-7.37 (8H, m, 
He and H5)，7.81 (4H, d, J = 5.4, H^), 8.08 (4H, t, 7 = 7.8, H^), 8.33 (4H, d, 7 = 9.0, 
H
b
) , 9.04 (4H, d, 7 = 7.8, H^), 9.39 (4H, s, H^); 13C-NMR (^-acetone) 30.4，64.6, 
65.1, 65.6, 73.3, 94.8, 94.9, 116.3, 118.1，121.4, 128.5, 129.5, 130.0, 133.5, 137.3， 
138.0, 138.9, 141.7，148.7，153.4, 156.5, 159.5, 161.7，162.0; MS (L-SIMS, m/z) 
1980.4 [(M-2PF6)+, 100%], 990.2 [(M-2PF 6)
2 +
, 10%]. Anal. Calcd for 
C96H7oF32N6Oi2P2Ru: C, 50.78; H, 3.10; N, 3.70. Found: C, 50.54,; H, 3.41; N, 
3.62%. 
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[MGflXGfimPF^ 43. Ru(G fl)Cl 3 41 (90 mg, 0.078 mmol) and 5 drops of N-
morpholine were added to a boiling solution of G f2 34 (140 mg, 0.082 mmol) in 
EtOH/CHCl3 mixture (30 mL, 4/1). The mixture gradually changed from a brown 
suspension to a red solution. After the mixture was refluxed for 5 h, the reaction mixture 
was filtered through celite when hot and an ethanolic solution of NH 4PF 6 (30 mg, 0.20 
mmol) was added. The mixture was stirred and cooled to r.t" The precipitate was filtered 
and washed with methanol. Flash chromatography of the crude compound on alumina 
(hexane/CHCiyacetone/EtOH = 10/2/1/1 gradient to CHCl^EtOH = 10/1) afforded 
[Ru(G fl)(G f2)][PF6]2 43 as a reddish brown solid (135 mg, 58%), m.p. >350 °C. 
NMR (水-acetone) 2.20-2.28 (20H, m ， C C H 2 C ) , 4.14-4.24 (24H, m, C//2OAr), 4.38-
4.47 (16H, m ， C H 2 0 C 6 F 5 and Ci/2OAr), 6.14-6.22 (12H, m, ArH), 7.31-7.35 (8H, m, 
He and H5), 7.79-7.81 (4H, d , / = 5.4, H6), 8.07 (4H, t , / = 7.8, H^), 8.32-8.35 (4H, 
m, Hb)’ 9.03 (4H, d, J =7.5, H^), 9.39 (4H, s, H^'); 13C-NMR (^-acetone) 29.9, 30.4, 
64.6, 65.1, 65.4，65.6, 73.7，94.8, 116.2, 121.4’ 125.5, 128.5, 129.0，129.5, 130.0， 
133.5, 137.3, 138.0, 138.9, 141.7, 148.7, 153.4，156.5，159.5，161.6’ 161.7，162.0; 
MS (L-SIMS, m/z) 2760.2 [(M-2PF6)+, 100%], 1380.1 [(M-2PF6)2+, 63%]. Anal. Calcd 
for C 1 3 2 H 1 0 0 F 4 2 N 6 O 2 0 P 2 R U : C, 51.96; H, 3.30; N, 2.75. Found: C, 51.61; H, 3.66; N, 
2.67%. 
Ru(Gf2)Cl3. 44. An ethanolic solution of RUC13 (36 mg, 0.17 mmol) was added to a 
boiling solution of G f2 34 (300 mg, 0.17 mmol) in ethanol/CHCl3 mixture (30 mL, 4/1). 
The mixture was refluxed for a further 2 h. The precipitate was washed with methanol to 
afford Ru(Gf2)Cl3 44 (240 mg, 71%) as a brown crystalline solid. This mono(terpy) 
complex was used in the next step without further purification. 
[Ru(Gf2)2][PF6]2 45. Ru(Gf2)Cl3 44 (200 mg, 0.103 mmol) and 5 drops of N-
morpholine were added to a boiling solution of G f2 34 (170 mg, 0.103 mmol) in 
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EtOH/CHCl3 mixture (30 mL, 2/1). The mixture gradually changed from a brown 
suspension to a red solution. After the mixture was refluxed for 4 h, the reaction mixture 
was filtered through celite when hot and an ethanolic solution of NH 4 PF 6 (34 mg, 0.207 
mmol) was added. The mixture was stirred and cooled to r.L. The precipitate was filtered 
and washed with methanol. Flash chromatography of the crude compound on alumina 
(hexane/CHCl3/acetone/EtOH = 10/2/1/1 gradient to C H C l ^ t O H = 10/1) afforded 
[Ru(G f2) 2][PF 6] 2 45 as a reddish brown amorphous solid (222 mg, 56%). m.p. >350 °C . 
1H-NMR (^-acetone) 2.18-2.32 (28H, m, CH 2 Ci / 2 CH 2 )’ 4.14-4.24 (36H, m, 
C// 2OAr), 4.36-4.44 (20H, m, CH 2 OC 6 F 5 and C// 2OAr), 6.14-6.20 (18H, m, ArH), 
7.31-7.35 (8H, m , a n d H % 7.80 (4H, d, / = 5.4, 8.08 (4H, t, 7 = 7.8, H勺, 
8.33 (4H, d, J = 9.0，Hb)，9.05 (4H, d, J =7.8, H^), 9.41 (4H, s, H3')； 13C-NMR ( 办 
acetone) 30.4，64.6，65.1’ 65.6, 73.3, 94.8，116.2，121.4，125.5, 128.5, 130.0133.5’ 
137.3, 138.0, 138.9, 141.7, 148.7, 153.4, 156.5, 159.5, 161.6, 161.7, 161.8; MS (L-







u： C, 52.66; H, 3.42; N, 2.19. Found: C, 52.77; H, 3.50; N , 
2.48%. 
Ru(G0)C13 52. An ethanolic solution ofRuCl 3 (0.4 g, 2.0mmol) was added to a boiling 
solution of GO 48
3 8
 (1.0 g, 2.0mmol) in methanol (80 mL). The mixture was refluxed for 
further 2h. The precipitate was washed with methanol to afford RU(G0)C13 (1.2 g, 85%) 
as a brown crystalline solid. The mono-complex was used in the next step without further 
purification. 
[ R u ( G 0 ) 2 ] [ P F 6 ] 2 5 3 . RU(G0)C1 3 5 2 ( 140 mg, 0 .2 mmol) and 5 drops of iV-morphoUne 
were added to a boiling ethanolic solution (30 mL) of GO 48 (100 mg, 0.2 mmol). The 
mixture gradually changed from a brown suspension to a red solution. After the mixture 
was refluxed for 3h, the reaction mixture was filtered through celite when hot and an 
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ethanolic solution of NH 4 PF 6 (65 mg，0.4 mmol) was added. The mixture was stirred and 
cooled to r.t. The precipitate was filtered and washed with methanol. Flash 
chromatography of the crude compound on alumina (hexane/CHC^/EtOH = 3/1/0.5 
gradient to acetone/EtOH = 4/1) afforded [Ru(G0)2][PF6]2 53 as a reddish brown solid 
(170 mg, 61%), m.p. >350 °C. !H-NMR (^-acetone) 1.29 (18H, s, r-Bu), 2.34 (4H, 
quintet, J = 6.0, C C H 2 C ) , 4.25 (4H, t, 7 = 6.0, C H 2 0 ) , 4.40 (4H, t, / = 6.0, C H 2 0 )， 
6.92 (4H, d , 7 = 9.0, ARH)Y 7.31-7.36 (12H, m, ArH, H。and H5), 7.81 (4H, d, J = 4.5, 
H6), 8.08 (4H, t, J = 7.5, H^), 8.43 (4H, d, 7 = 8.4, 9.18 眺 d’ / = 8.4, H % 
9.51 (4H, s, H3'); 13C-NMR (^-acetone) 31.7, 34.5, 64.9, 65.7, 114.8，116.2, 121.4, 
125.6, 127.0, 128.5, 129.5, 130.0，138.9, 143.9, 148.7, 153.4, 156.5, 157.6, 159.5, 
162.0; MS (ESI, m/z) 1276.4 [(M-PF 6)
+
, 45%]. Anal. Calcd for C 6 8 H 6 6 F 1 2 N 6 0 4 P 2 R u : 
C, 57.37; H，4.68; N , 繊 Found: C, 57.32; H, 4.78; N, 5.73%. 
[ R u ( G 0 ) ( G 1 ) ] [ P F 6 ] 2 5 4 . RU(G1)C13 57 (60 mg, 0.055 mmol) and 5 drops of N-
morpholine were added to a boiling methanolic solution (30 mL) of GO 48 (43 mg, 0.083 
mmol). The mixture gradually changed from a brown suspension to a red solution. After 
the mixture was refluxed for 3 h, the reaction mixture was filtered through celite when hot 
and an ethanolic solution of NH 4 PF 6 (18 mg, 0.11 mmol) was added. The mixture was 
stirred and cooled to r.t.. The precipitate was filtered and washed with methanol. Flash 
chromatography of the crude compound on alumina (hexane/CHC^/EtOH = 1/1/0.2 
gradient to acetone/EtOH = 4/1) afforded [RU(G0)(G1)][PF 6] 2 54 as a reddish brown solid 
(53 mg, 54%), m.p. >350 °C. iH-NMR (c?
6
-acetone) 1.26 (18H, s, t-Bu), 1.29 (9H, s, t-
Bu), 2.21 (4H, quintet, J = 6.3, C C H 2 C \ 2.34 (4H, quintet, J = 6.0, C C H 2 C \ 4.14-
4.27 (12H, m, CH 2 0 ) , 4.36-4.42 (4H，m, C H 2 0 \ 6.20 (3H, s，ArH), 6.87 (4H, d, J = 
8.7, AiHl 6.93 (2H, d , 7 = 9.0，ArH)y 7.29-7.36 (14H, m, ArH, H。and H^), 7.81 (4H， 
d , J = 5.4, H^), 8.11 (4H, t, 7 = 7.8, H^), 8.33 (4H, d, 7 = 8.7, H^), 9.04 (4H, d, J = 
8.1，H3)，9.40 (4H, s, H3’)； 1 3 C-NMR (^-acetone) 31.7, 34.5, 64.9, 65.2, 65.6, 94 .8 , 
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114.7，116.3, 121.4, 125.5, 126.9, 128.5, 130.0’ 138.9, 143.8，148.7, 153.4, 156.5, 
157.6, 159.5, 161.8; MS (ESI, m/z) 1632.7 (M-PF6)+, 100%]. Anal. Calcd for 
C 9 0 H 9 4 F 1 2 N 6 O 8 P 2 R I K C, 60.77; H，5.32; N, 4.72. Found: C, 60.50; H , 5 . 11 ; N, 
4.64%. 
[RufGOXGDJlPF^ 5 5 . R U ( G 0 ) C 1 3 5 2 ( 3 5 mg, 0 . 0 3 2 mmol) and 5 drops of N-
morpholine were added to a boiling solution of G2 50 (51 mg, 0.032 mmol) in 
EtOH/CHCl3 mixture (30 mL, 4/1). The mixture gradually changed from a brown 
suspension to a red solution. After the mixture was refluxed for 4h, the reaction mixture 
was filtered through celite when hot and an ethanolic solution of NH 4PF 6 (11 mg，0.068 
mmol) was added. The mixture was stirred and cooled to r.t.. The precipitate was filtered 
and washed with methanol. Flash chromatography of the crude compound on alumina 
(hexane/CHCl3/acetone/EtOH : 10/2/1/1 gradient to CHCl3/EtOH = 15/1) afforded 
[RU(G0)(G2)][PF6]2 55 as a reddish brown solid (34 mg, 43%), m.p. >350 °C. 
NMR (j6-acetone) 1.24 (36H, s, t-Bu), 1.29 (9H, s, r-Bu), 2.14-2.33 (16H, m, CCH2C\ 
4.09-4.26 (28H, m, CH20), 4.36-4.38 (4 f t m, C/ / 2 0) , 6.15 (6H, s, AxH), 6.19 (3H, s, 
ArH), 6.85 (8H, d , 7 = 9.0, ArH), 6.92 (2H, d, 7 = 9.0, ArH), 7.26-7.36 (18H, m, AxH, 
_ a n d 7 . 7 8 (4H, d, J = 5.4,§1% 8.06 (4H, t, 7 = 7.8, H % 8.40 (4H, d, J= 8.4, 
H b) , 9.10 (2H, d , 7 = 7 . 5 , 难 9.12 (2H, d, 7 = 7,5, H % 9.46 (4H, s, H3'); ^C-NMR 
(^-acetone) 31.7, 34.4, 64.9, 65.2，65.6, 94.8, 94.9, 114.7，116.2, 121.4’ 125.7， 
126.9，128.3, 128.4，130.1, 138.9，143.8, 153.3, 156.4, 157.6，159.5, 161 .6’ 161.7; 
Anal. Calcd for C 1 3 4 H 1 5 0 F 1 2 N 6 O 1 6 P 2 Ru : C, 64.59; H, 6.06; N, 3.37. Found: C, 64.65; 
H, 6.37; N, 3.18%. 
Ru(G1)C13. 5 7 . An ethanolic solution of RUC1 3 (66 mg, 0.32 mmol) was added to a 
boiling solution of Gl 4 9 3 8 (279 mg, 0.32 mmol) in ethanol/CHCl3 mixture (30 mL, 3/1). 
The mixture was refluxed for further 2 h. The precipitate was washed with methanol to 
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afford R U ( G 1 ) C 1 3 57 ( 3 1 0 mg’ 5 4 % ) as a brown crystalline solid. The mono-complex 
was used in the next step without further purification. 
[ R U ( G 1 ) 2 ] [ P F 6 ] 2 58. RU(G1 )C1 3 57 (108 mg, 0.1 mmol) and 5 drops of iV-morphoUne 
were added to a boiling solution of G1 49 (87 mg, 0.1 mmol) in EtOH/CHCl3 mixture (30 
mL，10/1). The mixture gradually changed from a brown suspension to a red solution. 
After the mixture was refluxed for 4 h, the reaction mixture was filtered through celite 
when hot and an ethanoUc solution of NH 4 PF 6 (35 mg, 0.21 mmol) was added. The 
mixture was stirred and cooled to r.t.. The precipitate was filtered and washed with 
methanol. Flash chromatography of the crude compound on alumina 
(hexane/CHCiyacetone/EtOH = 10/2/1/1 gradient to CHCl^ tOH = 20/1) afforded 
[Ru(G1)2][PF6]2 58 as a reddish brown solid (130 mg，61%), m.p. >350 °C. !H-NMR 
(j6.acetone) 1.26 (36H, s, t-Bu), 2.19 (8H, quintet, 7 = 6.3, CCH2C)y 2.32 (4H, quintet, 
J = 6.0, CCH2C), 4.13-4.24 (20H，m, CH20\ 4.38 (4H, t, / = 6 . 3 , CH20), 6.20 (6H, 
s, AvH\ 6.85-6.90 (8H，d, 7 = 7 . 5 , AxH), 7.28-7.34 (16H, m, Ar//, H。and H^), 7.80 
(4H, d’ J = 5.1，H6), 8.07 (4H, t, J = 7.8, H^), 8.40 (4H, d, 7 = 8.4, Hb)，9.12 (4H, d, J 
=8.1，H3), 9.46 (4H, s, H^'); 13C-NMR (^-acetone) 31.7, 34.4，65.1, 65.6, 94.2, 94.8， 
114.7，116.2, 121.4, 125.6, 126 .9 , 128.4, 129.4，130.1, 138.9, 143.8，148.7，153.3, 
156.4，157.6, 159.5, 161.7，162.0; MS (ESI, m/z) 1988.9 [(M-PF6)+，55%], 1844.0 [(M 
-2PF 6 )
+
, 80%]，922.0[(M - 2PF 6 ) 2 + , 100%]. Anal. Calcd for C 1 1 2 H 1 2 2 F 1 2 N 6 0 1 2 P 2 R u : 
C, 62.96; H, 5.76; N，3.94. Found: C, 62.47; H, 5.85; N, 3.54%. 
[ R U ( G 1 ) ( G 2 ) ] [ P F 6 ] 2 5 9 . RU(G1)C13 57 (84 mg, 0.078 mmol) and 5 drops of N-
morpholine were added to a boiling solution of G2 50 (125 mg, 0.079 mmol) in 
EtOH/CHCl3 mixture (30 mL, 4/1). The mixture gradually changed from a brown 
suspension to a red solution. After the mixture was refluxed for 5 h, the reaction mixture 
was filtered through celite when hot and an ethanolic solution of NH4PF6 (30 mg, 
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0.20mmol) was added. The mixture was stirred and cooled to r.t.. The precipitate was 
filtered and washed with methanol. Flash chromatography of the crude compound on 
alumina (hexane/CHCl3/acetone/EtOH = 10/2/1/1 gradient to C H C l ^ t O H = 10/1) 
afforded [RU(G1)(G2)][PF6]2 59 as a reddish brown solid (107 mg, 48%), m.p. >350 °C. 
1H-NMR (濟-acetone) 1.25 (36H, s, t-Bu)r 1.26 (18H, s, r-Bu), 2.14-2.25 (16H, m, 
CCH2C), 2.32 (4H, t, 7 = 6.0，CCH2C), 4.10-4.24 (36H, m, CH20\ 4.38 (4H, m, 
C H 2 0 ) , 6.15 (3H, s, ArH), 6.20 (9H, s, ATH), 6.83-6.90 (12H, m, ArH), 7.27-7.34 
(20H, m , 麵 H e a n d 7 . 7 9 (4H, m , 飾 , 8 . 0 8 (4H, m , 魄 8.35 (4H, d , / = 8 . 1 , 
Hb)，9.07 (4H, m, H^), 9.42 (2H, s, H^'), 9.43 (2H, s, H3'); 13C-NMR (^-acetone) 
31.7, 34.5, 65.0, 65.2, 94.8，94.9, 114.7, 116.3, 121.4，125.5, 126.9, 128.5，130.0, 
138.9，143.8, 148.7，153.3, 156.4, 157.6, 159.5, 161.7，161.8; MS (ESI, m/z) 2701.3 
[(M-PF6)+, 2%], 2556.4 [(M-2PF6)+, 3%]. Anal. Calcd for C156H178F12N6O20P2Ru: C, 
65.78; H, 6.29; N, 2.95. Found: C, 65.79; H, 6.20; N, 2.79%. 
[Ru(G2)2][PF6]2. 60 . An ethanolic solution of RUC1 3 (36 mg, 0 . 1 7 mmol) was added to a 
boiling solution of G2 50 (270 mg, 0.17 mmol) in ethanol/CHCl3 mixture (30 mL, 4/1). 
The mixture was refluxed for further 3 h，the reaction mixture was filtered through celite 
when hot and an ethanolic solution of NH 4 PF 6 (56 mg, 0.35 mmol) was added. The 
mixture was stirred and cooled to r.t.. The precipitate was filtered and washed with 
methanol. Flash chromatography of the crude compound on alumina 
(hexane/CHCiyacetone/EtOH = 10/2/1/1 gradient to CHCiyEtOH = 10/1) afforded 
[RU(G2)2][PF6]2 60 as a reddish brown solid (412 mg, 68%), m.p. >350。C. iH-NMR 
(^-acetone) 1.23 (72H, s，f-Bu), 2.14-2.19 (28H, m, CCH2C), 4.10-4.21 (52H, m, 
CH2OX 4.33-4.36 (4H, m, CH20)y 6.15 (12H, s, ArH)y 6.19 (6H, s, AvH)y 6.84 (16H, 
d, J = 6.9, ArH), 7.24-7.29 (24H, m, ArH, H。and H^), 7.79 (4H, m, H^), 8.06-8.12 
(4H, m, H
4
) , 8.32-8.34 (4H, m, H b ) , 9 .03 (4H, m, tf), 9 .41 (4H, s, H^ ' ) ; 1 3 C - N M R 
(水-acetone) 31.7, 34.4, 65.0，65.2, 65.7, 94.8, 114.7, 116.2, 121.6，126.9, 128.5, 
65 
130.4, 138.9, 139.0, 143.7, 148.7, 153.3, 156.4, 157.5, 159.4, 161.7; MS (ESI, m/z) 
1634.45 [(M-2PF6)+, 100%]. Anal. Calcd for C2ooH234F12N6028P2Ru: C, 67.46; H, 
6.62; N, 2.36. Found: C, 67.09; H, 6.73; N, 2.31%. 
Cyclic voltammetry studies. Cyclic voltammetry was performed on a self-made 
electrochemical cell equipped with three electrodes: a platinum disc working electrode 
purchased from Bioanalytical Systems Inc., IN, USA, a silver wire reference electrode, 
and a platinum wire auxiliary electrode. Experiments were carried out at 〜5。C in dried 
dichloromethane solutions containing Tetrabutylammonium tetrafluoroborate (TBAB) as 
the supporting electrolyte. Both the sample and the electrolyte were dried in oven for one 
day prior to use. The solutions were purged with nitrogen for 4 min prior to measurement 
and the sweep rate was 100 mV/s. The potentials were then calibrated with ferrocene 
serving as the internal standard. 
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